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ABSTRACT

Importance: Deferred cord clamping (DCC) is recommended for both term and preterm infants
to reduce neonatal complications; however, evidence regarding its association with long-term

neurodevelopment remains limited.

Primary objective: To examine the impact of DCC compared with immediate cord clamping
(ICC) on mortality and any neurodevelopmental impairment (NDI) at 18—24 and 36 months

corrected age (CA) in preterm infants born before 29 weeks’ gestation.

Design, setting, and participants: This retrospective cohort study included preterm infants (<29
weeks) admitted to neonatal intensive care unit between 1 January 2006, and 31 December

2011, comprised ICC group, and those born between 1 July 2012, and 31 December 2017,
comprised DCC group. Neurodevelopmental assessments were conducted at 18—24 and 36

months corrected age.

Results: Of 165 infants who received DCC, 153 and 145 had outcome data available at 18-24
and 36 months, respectively. Infants in the DCC group had slightly higher gestational age at birth
and a greater proportion were small for gestational age status. Compared with ICC, DCC was
associated with lower odds of sepsis, severe retinopathy of prematurity, fewer blood transfusions
and shorter oxygen dependence. To obtain equivalent comparison groups, a propensity score—
matched analysis was conducted with adjustments for multiple confounding variables. The odds
(OR) of death or any NDI at 18—24 months was 1.09 (95% CI: 0.98—1.21, p =.096), and at 36
months CA was 1.18 (95% CI: 1.06-1.32, p =.003). Cognitive assessment was performed using
the WPPSI-III during the ICC period and the WPPSI-IV during the DCC period. To maintain

consistency by relying on a single assessment tool (WPPSI-IV), an additional analysis was



undertaken among preterm infants who received ICC within the DCC period (July 1, 2012—
December 31, 2017) and were evaluated at 36 months CA; this analysis yielded a propensity

score—adjusted OR was 0.77 (95% CI: 0.64—-0.90).

Conclusions: In infants born before 29 weeks’ gestation, DCC was not associated with increased
odds of death or NDI at 18—24 months, but by 36 months CA, it significantly reduced the risk of

death or neurodevelopmental impairment.

Key words: Deferred cord clamping, Immediate cord clamping, Neurodevelopmental

impairments, Preterm infants.
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CHAPTER 1: INTRODUCTION

Preterm birth (PTB) is a major global public health concern. The World Health Organization
(WHO) defines it as the birth of an infant before 37 completed weeks of gestation (GA) or less
than 259 days from the first day of the mother’s last menstrual period (LMP) (1). Preterm infants
are highly susceptible to both immediate and long-term adverse outcomes, owing to the
immaturity of the brain and other vital organs. This vulnerability is often compounded by
perinatal stressors, such as antenatal infection (e.g. chorioamnionitis), hypoxic-ischaemic
encephalopathy, and postnatal insults including oxidative stress, sepsis, mechanical ventilation
and haemodynamic instability. Collectively, these factors contribute to severe early postnatal
complications and markedly increase the risk of enduring long-term neurodevelopmental
impairments. Consequently, comprehensive postnatal management is critical for improving long-
term outcomes. Beyond clinical challenges, PTB imposes substantial social and economic

burdens, increasing healthcare and educational costs and affecting family wellbeing (2).

Deferring umbilical-cord clamping (deferred cord clamping, DCC) at birth offers significant
physiological benefits for preterm infants by enabling additional placental transfusion and
supporting a smoother transition from fetal to neonatal circulation. The main objective of DCC is
to promote lung aeration, establish effective pulmonary blood flow and facilitate gas exchange
before clamping. These adaptations enhance oxygenation, stabilise blood pressure, raise
hemoglobin concentration, support cardiorespiratory transition and reduce the risk of ischaemic
injury during the shift from placental to pulmonary circulation. Extensive clinical evidence on
both term and preterm infants demonstrates the safety and efficacy of DCC in reducing mortality,

improving hematological parameters and mitigating short-term adverse outcomes (3).



However, findings regarding its association with long-term neurodevelopmental outcomes in
preterm infants remain limited and inconsistent. Few studies have assessed whether DCC
promotes achievement of age-appropriate developmental milestones. Consequently, the long-
term advantages of DCC over immediate cord clamping (ICC) remain uncertain. Further robust
evidence is required to clarify the role of DCC in enhancing neurodevelopment and overall

neonatal outcomes, particularly among infants born at extremely preterm gestations.

Introduction to the Research Problem

Preterm birth remains the leading cause of perinatal mortality and morbidity worldwide,
accounting for approximately 70% of neonatal deaths and nearly half of long-term
neurodevelopmental impairments (NDIs) in infants born prematurely (4). Each year, an
estimated 15 million infants are born preterm, representing approximately 11% of live births
globally (5). Of these, nearly one million die annually, comprising 35% of all neonatal (aged
<28 days) and 18% of all childhood deaths (aged under 5 years) (6). In Canada, preterm delivery
occurs in approximately 8% of pregnancies (7), with Alberta recording the nation’s highest rate

in 2021, at 8.8% (8).

Beyond its contribution to mortality, PTB substantially increases the risk of early and long-term
morbidities. Common short-term morbidities include respiratory distress syndrome (RDS),
bronchopulmonary dysplasia (BPD), patent ductus arteriosus (PDA), neonatal sepsis,
intraventricular haemorrhage (IVH), periventricular leukomalacia (PVL), severe neurological
injury (SNI), necrotising enterocolitis (NEC) and retinopathy of prematurity (ROP). Many of
these conditions result in prolonged neonatal intensive care unit (NICU) admission (9) and
hinder attainment of developmental milestones, particularly those involving cognitive and motor

function (10, 11). Overtime, preterm infants are at increased risk of NDIs such as cerebral palsy,
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cognitive, motor, or language delays, and visual, or hearing impairments (12), often accompanied

by impaired physical growth.

The risk of NDI after PTB is influenced by antenatal, perinatal, and postnatal factors.
Antenatally, maternal diabetes, chorioamnionitis, malnutrition and inadequate prenatal care have
been linked to suboptimal developmental outcomes. Perinatal determinants include low GA,
male sex, clinical instability, need for resuscitation required at birth, hypothermia, small for
gestational age (SGA) status and brain injuries such as IVH or white matter damage. Postnatally,
the risk is compounded by prolonged medical complications, continued oxygen or enteral
support, and socioeconomic deprivation, limiting access to early intervention and developmental

support services (13).

The World Health Organization (WHO) highlights several maternal and neonatal interventions
shown to improve preterm outcomes. For women at risk of preterm delivery, evidence-based
measures include antenatal corticosteroids (ANCS), tocolytic therapy, magnesium sulphate,
antibiotics, and careful selection of delivery mode. For infants, intervention such as, maintaining
thermal stability, applying continuous positive airway pressure (CPAP), administering surfactant,
and providing controlled oxygen therapy have reduced mortality and morbidity (14). More
recently, placental transfusion strategies, particularly DCC, have shown significant benefits in
both term and preterm infants. DCC supports a smoother physiological transition from
intrauterine to extrauterine life by establishing pulmonary, cardiovascular, and cerebral
hemodynamics. It also facilitates early mother-infant bonding through immediate skin-to-skin
contact, promoting temperature regulation and heart rate stability. Leading professional bodies
including the American College of Obstetricians and Gynaecologists (ACOG), the American

Academy of Pediatrics (AAP), the Canadian Paediatric Society (CPS), and the Royal College of
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Obstetricians and Gynaecologists (RCOG)—now recommend deferring cord clamping in

vigorous term and preterm infants by at least 30—60 seconds or longer after birth (15).

Significance of the Research Problem

Preterm infants face substantially greater risk of mortality, major morbidities and developmental
delays than those born at term, particularly when born before 32 weeks of gestation. This
vulnerability reflects the immaturity of multiple organs and physiological systems. The brain
undergoes rapid and critical development between 24 and 36 weeks of gestation; birth during this
period markedly increases the risk of abnormal brain maturation, such as disrupted myelination
and injury (IVH). These neurological insults may have lasting effects on motor, cognitive and
sensory functions, leading to long-term neurodevelopmental impairments (16). The incidence of

NDI correlates strongly with lower GA and reduced birth weight (17).

Advances in perinatal and neonatal care over recent decades, have substantially improved
survival rates, particularly among infants born at 22—26 completed weeks’ of gestation (18). A
retrospective analysis of infants born at <28 weeks— and admitted to Canadian Neonatal Network
sites between 2010 and 2021 reported that the average GA at NICU admission was 25.4 weeks
with an overall survival rate of 85.3% (19). Similarly, a systematic review of 47 studies found
survival rates of 9% (95% CI: 3-22) among infants born at 22 weeks and 55% (95% CI: 39-70)
when born at 24 weeks (20). Despite these improvements, surviving infants remain at elevated
risk of developmental disabilities, chronic health complications, and growth delays, often
resulted in poorer academic outcomes and long-term health challenges. The associated economic
burden, arising from intensive neonatal care and on-going multidisciplinary support, remains

considerable. Identifying modifiable risk factors and implementing preventive and therapeutic



interventions are, therefore, essential to improving both survival and developmental outcomes in

this vulnerable population.

Placental transfusion (PT) strategies, involving various approaches to umbilical cord
management, can significantly influence preterm infant outcomes. Deferred cord clamping, a
well-established placental transfusion method, offers considerable benefits, and is now standard
practice in Canada and many other high-income countries. Evidence shows that preterm infants
who receive DCC have higher haemoglobin levels and improved iron stores, reduced anemia and
transfusion requirements, greater haemodynamic stability, and lower rates of BPD, IVH, NEC,
and late-onset sepsis (LOS). Moreover, DCC has been linked to improved neurodevelopmental
outcomes relative to immediate cord clamping (21, 22). A recent clinical practice guideline,
based on findings from randomized controlled trials (RCTs), RCT meta-analyses, and
observational studies confirms the effectiveness of DCC in enhancing both immediate and short-
term outcomes in preterm infants. Specifically, DCC reduces mortality by about 30% in
extremely preterm and overall preterm populations and significantly decreases the risk of major
morbidities, such as, IVH, risk ratio (RR): 0.83, 95% CI: 0.70—0.99 and NEC, RR: 0.59, 95% CI:
0.37-0.94; as well as the need for blood transfusion, RR: 0.66, 95% CI: 0.50-0.86, and

ionotropic support, RR: 0.37, 95% CI: 0.17-0.81 (3).

Although only a limited number of studies have examined the relationship between DCC and
neurodevelopmental outcomes, the evidence on long-term effects remains inconclusive. A small
RCT involving very preterm infants found a lower proportion of death or adverse
neurodevelopmental outcomes in the DCC group than in the ICC group (21% vs 34%), with a
RR 0f 0.61 (95% CI: 0.39-0.96) (23). Among term infants, those who received DCC

demonstrated improved neurodevelopmental performance at 12 months (24); however, no
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significant difference in Ages and Stages Questionnaire (ASQ) scores at 3 years compared with

those who underwent immediate cord clamping (25).

Given the established benefits for immediate and short-term outcomes, and the emerging but
limited evidence on long-term developmental advantages, DCC appears to be a promising
intervention in PTB management. However, data from the Canadian Neonatal Network™ (CNN)
indicate that, as of 2022, DCC was implemented in only 55% of extremely preterm infants (<29
weeks’ gestation) admitted across 32 tertiary neonatal intensive care units (NICUs), representing

1,649 cases (26).

The paucity of literature examining long-term neurodevelopmental outcomes following DCC
underscores the need for large-scale, longitudinal studies to clarify its sustained effects.
Strengthening evidence on the long-term benefits of DCC could support broader implementation,

particularly in centres where current uptake remains below national targets.

Literature Review

Definition and Classification of Preterm Infants

Preterm infants are defined as those born alive before completing 37 weeks of gestation. They
are further classified by GA into four subgroups: extremely preterm (born at <28 weeks), very
preterm (28—<32 weeks), moderately preterm (327°-33"® weeks) or late preterm (34—
36"%weeks). These distinctions are clinically important, as the risk of adverse outcomes rises

sharply with decreasing GA, and management strategies vary accordingly (8).

Approximately 20% of PTBs are medically indicated due to maternal or fetal conditions such as

pre-eclampsia, gestational diabetes, or intrauterine growth restriction. A further 20-30% result



from preterm premature rupture of membranes (PPROM), while 25-30% occur spontaneously
without a clearly defined cause. Owing to the multifactorial nature of PTB, advancing
understanding requires a comprehensive, interdisciplinary approach to its biological mechanisms

7).

Several maternal factors are associated with increased PTB risk. These include demographic
characteristics such as Black or African American ethnicity, extremes of maternal age (<18 or >
40 years), and low socioeconomic status. Lifestyle factors— smoking, alcohol intake, inadequate
prenatal care, poor nutrition, and anemia— also contribute substantially. A complex obstetric
history, including previous preterm delivery, multiple gestation, and short interpregnancy
intervals, further elevates risk. Medical conditions such as diabetes, thyroid disease, and
hypertension, along with complications including placenta praevia, abruptio placentae, and
hydramnios, are recognised contributors. Additional risk factors encompass intrauterine
infection, use of assisted reproductive technologies, and mental health challenges such as stress

and depression (27).

Evidence indicates that females with a history of PTB have approximately 3—7 times greater
odds of recurrence than those whose first pregnancy reached full term (28, 29). A systematic
review by Schaaf et al. found that females of Black ethnicity face more than double the risk of
PTB (30), while a meta-analysis by Wendt et al. reported that short interpregnancy intervals—
particularly those <6—12 months—are associated with significantly higher odds of preterm
delivery (31). Multiple gestations account for about 15-20% of all PTBs, and both psychological
stress and tobacco use during pregnancy are linked with elevated, though generally less than

twofold, risk (32).



Cervical ultrasonography and fetal fibronectin testing are key diagnostic tools for assessing PTB
risk. Preventive strategies include lifestyle modification, targeted antenatal interventions, and
maternal therapies such as smoking-cessation programmes, low-dose aspirin, antenatal
corticosteroids, progesterone supplementation, magnesium sulfate, antibiotic therapy, and
appropriate pharmacological management of comorbidities (33). For preterm deliveries, timely
and comprehensive neonatal care is critical, encompassing thermal regulation, infection
prevention, respiratory distress management, early initiation of breastfeeding, and measures to
enhance placental transfusion at birth. These interventions are central to reducing the morbidity

and mortality associated with preterm birth (33).

Effective prevention and early diagnosis of PTB depend on targeted approaches addressing
modifiable risk factors and prioritising high-risk populations. Improving access to and quality of
preconception, antenatal, and postnatal care is vital to lowering PTB rates and optimising

maternal and neonatal outcomes.

Definition of Immediate Cord Clamping (ICC)

Immediate cord clamping refers to clamping the umbilical cord almost immediately after birth,
typically within <15 seconds (34). Historically, ICC became widely adopted in the 1900s, despite
limited evaluation of its safety or physiological effects. This practice preceded recent research
demonstrating the benefits of DCC, particularly for preterm infants (35). At birth, approximately
20-30% of the fetal-placental blood volume, including red blood cells, remains in the placenta
(36). Moss and Monset-Couchard reported that residual placental blood volume following
immediate clamping ranged from 85—-125 ml, whereas with deferred clamping, it was markedly
lower, 0-62 ml (37). ICC deprives the newborn of this essential blood volume, which can reduce

cardiac output and hinder haemodynamic transition. The resultant decrease in cerebral perfusion
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can lead to tissue hypoxia, increased risk of brain ischemia, multiple organ injury, or death (38).
ICC is further associated with complications such as bradycardia, elevated pulmonary artery
pressure causing right-to-left shunting, and fluctuations in carotid artery pressure, all of which
increase NICU morbidity and mortality. Bhatt et al. demonstrated in anaesthetised fetal lambs,
that ICC produced a 50% reduction in pulmonary blood flow and a sudden 40% drop-in heart

rate, attributed to the sudden cessation of umbilical venous return (39).

Definition, Physiology and Types of Placental Transfusion (PT)

At birth, blood flow through the umbilical arteries and vein continues for several minutes.
Placental transfusion describes the transfer of residual placental blood to the newborn during this
period, providing fetal haemoglobin and improving arterial oxygen content, cardiac output, and
tissue oxygenation to meet postnatal metabolic demands (40). The placenta serves as a vital
organ throughout gestation, acting as a major blood reservoir for the fetus. It facilitates gas
exchange, nutrient, and waste transport, hormone and growth factor production, and immune

protection by maintaining a barrier between maternal and fetal systems (41).

The umbilical cord, comprising two arteries and one vein, connects the fetus to the placenta and
supports this exchange. Umbilical blood flow increases to approximately 105 ml/kg/min before
20 weeks of gestation and gradually decreases to about 65 ml/kg/min at term. Between 20 and 30
weeks, placental circulation contributes approximately 30% of total fetal cardiac output.
Following delivery, the umbilical arteries constrict, rapidly reducing blood flow from fetus to
placenta, while umbilical venous flow persists for several minutes. Deferring the clamping of the
umbilical cord during this window permits an increase in the infant’s blood volume, supporting

the shift from fetal to neonatal circulation. This improved blood flow enhances the perfusion of



critical organs and is associated with a reduced risk of serious complications such as IVH and

necrotizing enterocolitis (42).

The volume of placental transfusion is influenced by several factors including timing of cord
clamping, uterine contractions, umbilical blood flow, onset of respiration, and gravity.
Optimising these factors is essential to ensure adequate oxygenation and metabolic stability of
the newborn infants (43). Placental transfusion can be achieved through four primary techniques:
deferred Cord Clamping (DCC), physiological-based cord clamping (PBCC), milking of the
intact cord (I-UCM) and milking of the cut cord (C-UCM) (40).

Definition of Physiological-Based Cord Clamping (PBCC) or Placental Transfusion While
Intact Cord

Physiological-Based Cord Clamping (PBCC) refers to maintaining an intact umbilical cord after
preterm birth until the infant’s lungs are aerated and the respiratory stability is achieved. Stability
is defined by the presence of regular spontaneous breathing, a heart rate >100 beats per minute,
and oxygen saturation >90% while receiving supplemental oxygen at <40% concentration (44).
In clinical practice, non-breathing infants are often clamped early and transferred to a
resuscitation platform for immediate intervention. However, detaching the infant from the
placental circulation before establishing respiration may adversely affect transition. An RCT
involving 508 infants born at >32"" weeks of gestation, who required resuscitation, reported
comparable mean heart rates between PBCC and ICC groups (45). In a separate study using
mechanically ventilated preterm lambs resuscitated with 100% oxygen, PBCC prevented initial
hypoxia and reduced subsequent hyperoxia. Nonetheless, PBCC did not reduce lung oxidative

stress, inflammation, or structural injury, nor did it reduce the severity of ventilation related lung
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damage (46). Research on PBCC in preterm infants remains limited, and current evidence does

not consistently demonstrate significant clinical benefits.

Definition and Types of Umbilical Cord Milking (UCM)

Umbilical cord milking (UCM) involves gently squeezing 20—30 cm of the umbilical cord from
the placenta toward the newborn, usually three to five times at a rate of approximately 10 cm per
second. The procedure can be performed while the cord remains intact or after it has been
clamped and cut. It is particularly beneficial in critically compromised infants, because it can be
completed within 10—20 seconds, nearly as quickly as ICC— allowing for prompt initiation of
neonatal resuscitation (47). The principal aim of UCM is to deliver the maximal placental blood
volume to the newborn, achieving near-complete placental transfusion in less time than deferred
cord clamping. An RCT of preterm infants (<32 weeks’ gestation) showed that those who
received UCM had significantly higher heart rates and oxygen saturation during the first five
minutes of resuscitation, required less inspired oxygen in the first 10 minutes, and a greater
proportion did not require supplemental oxygen in the delivery room. In the subgroup, of infants
<26 weeks, all 10 in the ICC group required oxygen, whereas only 3 of 5 in the UCM group did
(48). Conversely, an RCT of infants born 28-32-weeks, found no significant difference in severe
IVH or mortality, between the UCM and DCC groups; rate difference 0.01%, 95% CI: (—1.4% to
1.4%), p=0.99) (49). Given these conflicting findings, current evidence regarding UCM in
preterm infants, particularly those born at <29 weeks’ gestation, is insufficient to recommend
routine implementation. Further well-designed trials are needed to evaluate its potential benefits
and risks, including the incidence of IVH, before widespread adoption in this high-risk

population (50, 51).
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Definition, Physiology and Types of Deferred Cord Clamping (DCC)

Deferred cord clamping (DCC) involves postponing the clamping of the umbilical cord after
birth to permit continued placental transfusion to the newborn. The delay typically ranges from
>15 seconds (21) to 3—5 minutes after birth (52), or until umbilical cord pulsation ceases (53).
DCC provides substantial benefits for both term and preterm infants by reducing the incidence of

several perinatal complications (54).

Fetal circulation is a transient and physiologically distinct system, that differs markedly from
neonatal and adult circulation. In preterm infants, transition to extrauterine life occurs before
circulatory maturation is complete, having an understanding of fetal physiology is essential for
managing haemodynamic compromise (55). Before birth, the umbilical cord serves as the vital
conduit between the placenta and the fetus, facilitating the exchange of oxygen and nutrients.
Owing to high pulmonary vascular resistance, fetal pulmonary blood flow remains limited, and
gas exchange occurs primarily through the placenta, a low-resistance vascular circuit.
Oxygenated blood from the placenta enters the fetal system via the umbilical vein and is shunted
through the ductus venosus to the inferior vena cava. It then by-passes the lungs through a patent
foramen ovale, directing a large portion of blood from the right to the left atrium, while the

ductus arteriosus channels flow from the pulmonary artery into the aortic arch (56).

Lung aeration is the critical event initiating the cascade of physiological adjustments required for
successful transition to neonatal life. The onset of spontaneous respiration introduces
atmospheric oxygen to the pulmonary circulation, triggering rapid vasodilation and increased
right ventricular output, and enhanced venous return. This process enables substantial transfusion

of blood from the low-resistance placental circuit to the infant. Premature clamping of the cord,
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before effective respiration, leaves a significant proportion of blood volume within the placenta,

reducing left ventricular preload, and compromising cardiac output (57).

In preterm birth, immediate cord clamping, especially before the onset of spontaneous
ventilation, can lead to a sustained 50% reduction in venous return, ventricular preload, and
cardiac output, thereby increasing the risk of hypoxic-ischemic injury. This initial hypoperfusion
is often followed by a sharp rise in output as pulmonary flow increases, producing considerable
fluctuations in systemic blood pressure and flow. Such hemodynamic instability is strongly
implicated in the development of IVH in preterm infants. By contrast, DCC allows sufficient
time for pulmonary aeration to occur before the cord occlusion. The resulting rise in pulmonary
blood flow compensates for the loss of umbilical venous return, maintaining cardiac output and
ensuring a smoother cardiovascular transition. This mechanism stabilises systemic circulation,
facilitates placental transfusion, and mitigates abrupt pressure fluctuations associated with IVH

(58).

According to Yao et al., DCC enables progressive blood transfer from the placenta to the infant,
producing a steady rise in infant blood volume and a parallel decline in placental blood volume.
The distribution of blood between the infant and placenta varies with clamping time:

approximately 67% / 33% at birth, 80% / 20% at 1 minute, and 87% / 13% at the completion of

placental transfusion (59).
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Figure 1. Relationship between complete blood volume in Infants (CBV) and Placental residual
blood volume (PRBV) at different umbilical cord clamping times (Yao et al.)

DCC can be practised at three distinct time intervals, for example, short deferral (>15 to <45

seconds), medium deferral (>45 to <120 seconds) and long deferral (> 120 seconds) (60).

Effect of DCC on preterm infants

After birth, newborns undergo rapid physiological adaptations, particularly within the

respiratory, cardiovascular, central nervous, and endocrine systems (61). The respiratory and

cardiovascular systems change almost immediately, whereas other organs adapt more gradually
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as the transition from intrauterine to extrauterine life progresses. In preterm infants, these
adaptive processes are often impaired due to organ immaturity (62), predisposing them to

adverse neonatal outcomes and long-term neurodevelopmental impairments (63).

High-certainty evidence indicates that umbilical cord clamping strategies, particularly DCC, can
improve clinical outcomes in PTBs (64) without increasing maternal or neonatal risk (65). Most
studies report that preterm infants receive DCC for at least 30 seconds, exhibit higher
haemoglobin and haematocrit levels, reduced anaemia, improved hemodynamics, higher
systemic blood pressure and urine output, enhanced cardiac function, and decreased need for
vasopressors and transfusions. DCC has also been linked to lower rates of BPD, IVH (all
grades), NEC, LOS compared with immediate cord clamping (21, 54, 66). As most preterm
infants begin breathing within the first 60 seconds, maintaining cord integrity during this interval
can reduce the need for invasive procedures such as endotracheal intubation and mechanical
ventilation. These interventions are associated with higher risks of death or NDIs, due to
inflammatory responses, ionotrope exposure, delayed feeding initiation, and development of
bronchopulmonary dysplasia (67). DCC has been shown to lower overall mortality by
approximately 30% in both extremely preterm and other preterm infants. Two recent meta-
analyses of RCTs reported a RR of 0.70, 95% CI: 0.51-0.95 for extremely preterm infants, and
0.73, 95% CI: 0.54—-0.98 for preterm infants (3). Moreover, the transfer of immunoglobulins and
stem cells through DCC may promote tissue repair following cellular injury, and inflammation,

supporting long-term organ function and development.

DCC and Neonatal Morbidities
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DCC and Respiratory Distress Syndrome (RDS)

Respiratory distress syndrome (RDS) remains a major complication among preterm infants,
particularly those born before 30 weeks of gestation, primarily due to inadequate or delayed
surfactant production in structurally immature lungs. Approximately 93% of infants born
between 2228 weeks are affected (68), with greater severity observed in those of lower
gestational age and birth weight. Despite advances in antenatal corticosteroids therapy,
exogenous surfactant use, and neonatal respiratory support—RDS continues to be a leading
cause of morbidity and mortality in the preterm populations (69). It is also a principal reason for
NICU admissions and contributes significantly to long-term NDIs, particularly in low- and
middle-income countries (70, 71). The vulnerability of preterm lungs is heightened by surfactant
deficiency, underdeveloped airways, and oxidative stress caused by limited antioxidant defences
(72). Infants born before 32 weeks, frequently require mechanical ventilation soon after birth,
and oxygen supplementation during initial stabilization can further increase oxidative stress.
Male infants are more severely affected due to the inhibitory effect of androgens on lung
maturation and surfactant synthesis (72). In one retrospective cohort study involving 288
mechanically ventilated preterm infants, born at <28 weeks GA, 17% developed cerebral palsy
and 49% had a mental developmental index < 70 at 18 months’ corrected age (73). The DCC
approach, which allows ventilation prior to cord clamping, has been shown to improve cardiac
output by increasing pulmonary blood flow, raise mean blood pressure and haemoglobin levels,
and oxygen delivery to vital organs. Consequently, this strategy reduces the need for
interventions such as endotracheal intubation and mechanical ventilation, thereby lowering the

incidence and severity of RDS and improving long term outcomes (67, 74, 75).
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DCC and Bronchopulmonary Dysplasia (BPD)

Extremely preterm infants are born before alveolar development begins, resulting in failed
septation and a reduced number of alveoli. Bronchopulmonary dysplasia (BPD) was first
described in 1967 by Northway, as a chronic lung disease in premature infants who required
prolonged mechanical ventilation and oxygen therapy (76). Today it is recognised as the most
common chronic lung disease of infancy, primarily affecting those born at 23-28 weeks of
gestation. The condition results from a multifactorial process involving lung immaturity,
surfactant deficiency, and exposure to volutrauma, atelectrauma, ventilator-associated injury, and
oxidative stress (77). Preventing BPD remains a major goal in neonatal care, as it is associated
with considerable morbidity and mortality. Affected infants frequently experience long-term
complications, including adverse neurodevelopmental outcomes, reduced respiratory function in
childhood and adulthood, impaired growth, prolonged hospitalisation, and increased healthcare
utilisation compared with infants without bronchopulmonary dysplasia (78). Despite advances in
neonatal intensive care, BPD continues to affect more than 50% of survivors born before 28
weeks’ gestation (79). These infants often exhibit multisystem sequelae, including smaller head
circumference, cerebral palsy (CP), and cognitive and language deficits. Predictors of poor
neurodevelopmental outcomes include prolonged use of positive-pressure ventilation, severe
IVH (grade III-1V), and discharge at >43 weeks’ post menstrual age (76). Emerging evidence
indicates that DCC may mitigate several complications of preterm birth. DCC increases blood
volume, improves early postnatal organ perfusion, reduces the need for transfusions and
decreases the incidence of IVH, BPD, NEC, and other morbidities. It also improves iron stores
and enhances long-term neurodevelopment, and reduces mortality (42). In a retrospective review

of 538 very low birth weight infants born between 2016-2020, Patel et al. reported that red blood
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cell (RBC) transfusion was associated with an eight-fold increase in BPD risk. Infants who
underwent DCC were 55% less likely to require transfusion than those who underwent other

placental transfusion techniques (80).

DCC and Patent Ductus Arteriosus (PDA)

Patent ductus arteriosus (PDA) refers to the persistence of the fetal vascular channel between the
pulmonary artery and aorta, which normally closes spontaneously within the first three days after
birth. In preterm infants, particularly those born at 25-28 weeks’ gestation, closure is delayed in
up to 80% of cases (81). The duration of ductal patency is inversely related to GA, with earlier
births associated with prolonged persistence (82). This delay results from immature ductal
smooth muscle and underdeveloped oxygen-sensing mechanisms. Persistent PDA presents a
significant clinical challenge, in preterm infants. The extent of left-to-right shunting and the
phenomenon of ductal steal determine clinical severity. In extremely preterm infants, reduced
pulmonary vascular resistance increases shunting through the ductus, leading to excessive
pulmonary blood flow, interstitial edema and left ventricular volume overload. These
haemodynamic changes contribute to prolonged ventilatory dependence, and increase the risks of
BPD, NEC or focal intestinal perforation, IVH, and mortality. The incidence of PDA persisting
beyond three days exceeds 50% among infants born at < 28 weeks’ gestation, with 60%—70%
requiring pharmacological or surgical closure (83). Placental transfusion strategies, such as DCC,
enhance systemic perfusion during the immediate postnatal period and have been associated with

lower incidences of IVH, NEC and neurodevelopmental impairments (42).

DCC and Neonatal Sepsis

Preterm infants are particularly vulnerable to sepsis during both the perinatal and
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postnatal periods due to immature organ systems, fragile integument, and exposure to novel
antigens, such as hospital-acquired microbes, medical devices, pharmaceuticals, and nutritional
sources (84). Neonatal sepsis is classified by the timing of onset into early-onset sepsis (EOS) or
late-onset sepsis (LOS). Early onset sepsis typically occurs within 72 hours of life and is
primarily the result of vertical maternal transmission, whereas LOS develops after 72 hours and
is usually acquired horizontally from the environment, though maternal transmission may also
contribute (85). The incidence of EOS is inversely proportional to GA, with approximately 20
cases per 1,000 live births in infants born <29 weeks’ gestation and up to 32 cases per 1,000 in
those born at 22-24 weeks. Preterm births associated with maternal complications such as
cervical incompetence, preterm labour, premature rupture of membranes, chorioamnionitis, or
unexplained fetal distress, carry the highest risk and often warrant empirical antibiotic therapy
(86). Sepsis in preterm infants significantly increases the risk of severe IVH, PVL and NEC,
which may lead to multi-organ dysfunction or neurological injury. The combined effect of
infection, inflammation, comorbidities (including severe IVH, PVL and NEC), prolonged
hospitalisation with extensive medical interventions contribute substantially to the risk of
neurodevelopmental impairments (87-89). Using data from the NICHD Neonatal Research
Network, a cohort study by Stoll et al. found that extremely low birth weight (ELBW) infants
with neonatal infections had significantly greater odds of adverse neurodevelopmental outcomes,
including higher rates of cerebral palsy, lower Mental and Psychomotor Developmental Index
(MDI and PDI) scores, visual impairment, and suboptimal head growth, compared with
uninfected infants (90). Deferred cord clamping has been shown to enhance blood volume and
confer protective effects, including reduced risks of IVH, NEC, LOS and shorter hospitalisation

— factors closely linked to improved long-term outcomes(47). A randomised controlled trial
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comparing 45— second versus 60— second DCC in singleton infants born between 23%7-3167
weeks’ gestation reported a significantly lower rate of culture-confirmed sepsis in the 60 second
group (8%) compared with the 45 second group (18%; p=0.04) (91). Conversely, a retrospective
study by Lodha et al. found that DCC was associated with slightly higher, though statistically
non-significant odds of LOS (AOR 1.02, 95% CI: 0.85-1.22), among infants born at 22-28

weeks’ gestation (92).

DCC and Intraventricular Haemorrhage (IVH)

Intraventricular haemorrhage (IVH) is a common intracranial complication of preterm birth and a
major contributor to mortality and adverse neurodevelopmental outcomes (93). Prognosis
correlates strongly with haemorrhage severity. Severe IVH predominantly affects infants born
before 29 weeks’ gestation (94) and markedly increases the likelihood of long-term
neurodevelopmental outcomes, including seizures, cognitive and executive dysfunction, and
cerebral palsy (95). A retrospective cohort study by Lodha et al. reported that at three years’
corrected age, 58% of infants born prior to 29 weeks’ gestation with severe IVH exhibited at
least one major impairment— 12% were blind, 2.6% had hearing loss, and 42% were diagnosed
with moderate to severe cerebral palsy (p = 0.004) (96). Gestational age remains the strongest
non-modifiable predictor of IVH, with lower GA linked to higher risk. Contributing factors
include an immature coagulation profile, fragile germinal matrix vasculature, impaired cerebral
autoregulation, and the frequency of complications and interventions associated with extreme
prematurity (97). Among infants born before 28 weeks’ gestation, the reported incidence of
severe IVH is approximately 15%, while IVH of any grade affects approximately 34% (98).
Strategies aimed at preventing IVH are, therefore, critical for improving neurological outcomes.

In a pilot study of infants born before 28 weeks, Vesoulis et al. found that DCC significantly
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reduced the incidence of IVH of any grade compared with ICC, 20% vs 50%; p = 0.04 (99).
Similarly, an RCT, by Katheria et al. involving 474 infants born before 32 weeks’ gestation,
compared UCM and DCC, found that UCM was associated with a significantly higher incidence
of severe intraventricular haemorrhage (8% [20/236] vs 3% [8/238]); risk difference, (5% [95%

CIL: 1% 9%]) (100).

DCC and Periventricular Leukomalacia (PVL)

Periventricular leukomalacia (PVL) represents a major neuropathological form of brain injury in
premature infants, frequently resulting in long-term neurological complications such as motor
impairment, cognitive deficits, cerebral palsy and intellectual disability. The principal
contributing factors include immature vascularisation of the cerebral white matter, ischaemic
injury secondary to impaired cerebral blood flow regulation, and the heightened vulnerability of
oligodendrocyte precursor cells to oxidative stress caused by ischemia—reperfusion events (101).
PVL occurs in approximately 1.9% of infants born before 32 weeks’ gestation (102). A
retrospective review of children with moderate to severe PVL revealed high rates of
neurological and developmental disorders, 69.7% developed cerebral palsy, 29% experienced
epilepsy, and 15.6% exhibited microcephaly (103). Involvement of the optic radiation further
contributes to visual dysfunction in preterm infants (104). At present, no targeted therapies exist
for PVL prevention. Management strategies focus on preserving cerebral perfusion immediately
after birth; hence, DCC at preterm delivery, has been increasingly implemented to enhance

circulatory stability, mitigate brain injury, and potentially reduce PVL incidence (105).

DCC and Severe Neurological Injury (SNI)

Severe neurological injury (SNI) is defined as grade 3 or 4 IVH and / or periventricular
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leukomalacia (PVL) (106). Key risk factors include low GA and birth weight, out born delivery
(birth outside tertiary centres), use of vasopressors, mechanical ventilation, and episodes of acute
clinical deterioration. Although improvements in neonatal care have increased survival rates
among preterm infants, these gains have also been accompanied by a higher prevalence of
neurocognitive and motor impairments, as well as long-term neurodevelopmental disabilities.
Approximately 50%—75% of preterm infants surviving severe IVH develop lasting neurological
sequelae (107). Deferred cord clamping has been shown to improve cardiovascular transition at
birth by preventing low cardiac output states, enhancing right ventricular and superior vena cava
flow, stabilizing blood pressure, and reducing the need for intensive resuscitation. Collectively,
these benefits contribute to fewer adverse neurological outcomes. A large retrospective cohort
study of infants born at 22-28 weeks’ gestation, by Lodha et al. demonstrated that DCC was
associated with a 20% reduction in the likelihood of severe neurological injury (adjusted odds

ratio 0.80, 95% CI: 0.64-0.99) (92).

DCC and Necrotising Enterocolitis (NEC)

Necrotising enterocolitis (NEC) remains one of the most severe gastrointestinal emergencies in
preterm infants. It is characterised by intestinal mucosal necrosis, and clinical features including
feeding intolerance, bloody stools, cardiorespiratory compromise, and haemodynamic instability
(108). Major risk factors include prematurity, low birth weight, formula feeding, and neonatal
infection (109). Among very low birth weight infants (birth weight <1500 gram), NEC incidence
ranges from 6%—15%, with mortality between 30% and 50% (110). Despite advances in NICU
practices, morbidity and long-term outcomes among survivors remain poor. Complications such
as NDI and intestinal failure, occur in approximately 24.8% and 15.2% of affected infants,

respectively (111). Evidence indicates that placental transfusion techniques- particularly DCC
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and UCM, are associated with a reduced incidence of NEC in preterm populations. A 2012
Cochrane review including 15 studies (738 infants born at 24-36 weeks’ gestation, reported a
significantly lower NEC risk when DCC was performed for 30—120 seconds (5 trials; 241
infants; RR: 0.62 [CI: 0.43-0.90]) (112). Similarly, a systematic review of six RCTs found a
statistically significant reduction in NEC incidence in the DCC group (RR: 0.59, 95% CI: 0.37—

0.94) (113).

DCC and Retinopathy of Prematurity (ROP)

Retinopathy of prematurity (ROP) is a proliferative disorder of the retinal vasculature and a
major cause of preventable childhood blindness and visual impairment worldwide. The
increasing incidence of preterm births, coupled with improved neonatal survival but inconsistent
standards of neonatal care and delayed diagnosis, has contributed to rising rates of ROP related
blindness. The risk of ROP is inversely correlated with GA and birth weight. Approximately 65%
of infants with a birth weight <1,250 gram and around 80% of those weighing 1,000 gram
develop some form of retinopathy of prematurity (114). A multicentre retrospective cohort study
by Dai et al., involving infants born at 23— 27" weeks’ gestation and admitted to NICUs within
72 hours of birth, reported that 62% developed ROP of varying severity (115). Beyond
prematurity and low birth weight, postnatal factors contributing to ROP include prolonged
oxygen exposure, [IVH, apnoea, mechanical ventilation >7 days, neonatal sepsis, anaemia,
transfusion of blood products, and poor postnatal weight gain (<50% of the birth weight) within
six weeks of life (116, 117). The retina shares embryological and vascular origins with the brain
through the optic nerve, rendering both organs susceptible to similar pathological processes.
Consequently, extremely preterm infants who develop severe ROP are at increased risk for NDlIs,

including cerebral palsy, developmental delays and cognitive deficits, reflected by lower scores
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in verbal 1Q, performance 1Q, and spatial reasoning (118). Deferred cord clamping promotes
placental transfusion, augments neonatal blood volume, and reduces the need for red blood cell
transfusion. It is also associated with decreased incidences of IVH, NEC, sepsis, as well as
improved cardiovascular stability and cerebral oxygenation, factors closely linked to ROP

development in preterm infants (80, 119).

DCC and Neurodevelopmental Outcomes

Research examining the association between DCC, neonatal complications of preterm birth, and
long-term neurodevelopmental outcomes has largely focused on cord clamping practices at
delivery. As a placental transfusion strategy, DCC has been shown to reduce immediate
complications in preterm infants and positively influence neurodevelopmental trajectories.
Evidence across multiple studies suggests that DCC increases blood volume and haemoglobin
concentration which contribute to improved outcomes, for conditions such as IVH, NEC, BPD,

ROP, and other sequelae of preterm birth (120, 121).

Several investigations have reported favourable long-term neurodevelopmental outcomes in
preterm infants following DCC. A retrospective analysis of infants born between 22°7 and 26°”
weeks’ gestation within the neonatal research network (NRN) found that those receiving DCC
had significantly lower odds of death or severe NDI than those who underwent immediate cord
clamping (adjusted odds ratio, OR: 0.64, 95% CI: 0.50-0.83) (122). A single blind RCT
involving term singleton infants, found that the DCC group exhibited increased myelin content
and greater white matter volume in brain regions associated with motor, sensory and visuospatial
functions. However, developmental assessment using the Mullen Scales of Early Learning,
revealed no significant group differences in verbal or non-verbal domains (123). Another RCT

176

assessing infants born at 24-31"° weeks’ gestation found no significant difference in Bayley
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Scales of Infant Development (BSID) scores at 7 months’ follow-up. Nonetheless, after
adjustment for confounding factors, such as GA, IVH, BPD, sepsis and male sex; the DCC group
demonstrated motor scores more than one standard deviation higher than those in the ICC group
(124). In one trial, the proportion of infants with death or adverse neurodevelopmental outcomes
was significantly lower in the DCC group (21%) than in the ICC group (34%), corresponding to

a RR of 0.61 (95% CI: 0.39-0.96); and a risk difference of —13% (95% CI: —25%— —1%) (23).

Follow-up studies suggest that early neurodevelopmental assessments, particularly before 12—18
months, may have limited predictive value for later cognitive and motor outcomes (125-128).
Evaluations conducted at 18—-24 months’ CA may not reliably forecast performance at 3—5 years.
Although international bodies such as the World Health Organization (WHO), advocate for DCC,
limited research has specifically examined its impact on neurodevelopment beyond infancy in
preterm populations, especially at 3—5 years corrected age. Existing studies often involve small

sample sizes and produce inconsistent findings, limiting generalisability (125, 129, 130).

Despite well-documented short-term neonatal benefits, DCC is not yet universally practised in
preterm care. Barriers to its widespread implementation include uncertainty about long-term
advantages and concerns regarding potential complications, such as hyperbilirubinemia,
polycythemia, hypothermia, and delayed resuscitation in infants with poor respiratory effort.
Moreover, substantial knowledge gaps persist due to methodological limitations, including small
cohorts, single centre designs, heterogenous assessment tools, absence of standardized protocols,

limited multidisciplinary follow-up, and variation in timing of evaluations (131).

Given these gaps, this study hypothesised that DCC improves survival among infants
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born before 29 weeks’ gestation and is associated with superior neurodevelopmental outcomes at
both 18-24 and 36 months’ corrected age. Accordingly, the objective of this research is to
investigate the relationship between DCC and death or long-term neurodevelopmental

impairments in infants born before 29 weeks’ gestation in Southern Alberta.

Research Questions

Primary Research Question

What is the impact of DCC on mortality or long-term neurodevelopmental impairments (NDI) at
18—-24 months and 36 months’ CA in preterm infants born before 29 weeks’ GA in Southern

Alberta?

Secondary Research Questions

e Are there differences in mortality or rates of severe NDI between infants (born at <29
weeks’ gestation) who received deferred cord clamping and those who underwent
immediate cord clamping?

¢ Do individual long-term neurodevelopmental outcomes—specifically cerebral palsy
(CP), cognitive delay, hearing impairment, and visual impairment—differ between the
DCC and ICC group infants (born at <29 weeks’ GA)?

e Does DCC influences short-term neonatal outcomes, including respiratory distress
syndrome (RDS), bronchopulmonary dysplasia (BPD), patent ductus arteriosus (PDA),
surgical ligation of PDA , neonatal sepsis, intraventricular hemorrhage (IVH), severe
IVH, severe neurological injury (SNI), periventricular leukomalacia (PVL), necrotising
enterocolitis (NEC), retinopathy of prematurity (ROP), severe ROP, and the need for

oxygen at discharge?
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e Are there differences in postnatal growth outcomes at 18—-24 months and 36 months’ CA
among infants (born at <29 weeks’ GA) in the DCC and ICC groups?
Objectives
Primary Objective
To evaluate the impact of DCC on mortality or long-term neurodevelopmental impairments at

18-24 months and 36 months’ CA in preterm infants born before 29 weeks’ GA in Southern

Alberta.

Secondary Objectives

In preterm infants born before 29 weeks’ GA:

e To determine differences in mortality or severe NDI between infants who received DCC
and those who underwent immediate cord clamping (ICC).

e To compare the individual long-term neurodevelopmental outcomes—specifically
cerebral palsy, cognitive delay, hearing impairment, and visual impairment—between the
DCC and ICC groups.

e To assess the influence of DCC on short-term neonatal outcomes, including RDS, BPD,
PDA, surgical ligation of PDA, neonatal sepsis, [IVH, severe IVH, PVL, SNI, NEC, ROP,
severe ROP and the need for oxygen support at discharge.

e To evaluate postnatal growth outcomes at 18—24 months and 36 months’ CA between

DCC and ICC groups?

Significance of the Study
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Deferred cord clamping has been increasingly studied in preterm populations across diverse
clinical settings (3, 21, 34, 54, 66, 67, 132). However, a significant gap persists regarding its
long-term effects on neurodevelopmental outcomes in infants, those born before 29 weeks’
gestational age. Existing studies are limited by small sample sizes, short follow-up durations, and

methodological heterogeneity.

This study seeks to address these gaps and contribute robust evidence in several key areas:

e While prematurity itself remains a major independent predictor for adverse
neurodevelopmental outcomes, substantial variability exists in the severity and type of
impairment among affected infants. This heterogeneity suggests that modifiable perinatal
factors, such as cord management strategies, may influence neurological prognosis.
Identifying and evaluating such modifiable factors—particularly DCC—could provide
opportunities to reduce brain injury and optimise neurodevelopmental recovery in this
vulnerable population.

e Few studies have comprehensively examined both immediate outcomes and long-term
developmental outcomes in infants born before 29 weeks’ GA, who received deferred
cord clamping. Follow-up data at later stages, particularly at 36 months’ CA, are scarce
due to challenges, including cohort attrition, limited sample sizes, and inconsistencies in
neurodevelopmental assessment methods. Consequently, current evidence remains
insufficient to establish the long-term safety and efficacy of DCC in this population.

e This study draws on a relatively homogeneous cohort of preterm infants delivered at a
tertiary perinatal centre, Foothills Medical Centre (FMC), where a protocol-driven DCC
approach has been employed. By analysing outcomes in this well-defined population, the

research provides a clearer understanding of the potential benefits or risks associated with
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DCC. The study also adjusts for key maternal and neonatal factors known to influence
neurodevelopment, thereby strengthening the internal validity and clinical applicability of
its findings.

e Importantly, this research incorporates a large sample size, extended longitudinal follow-
up, and standardised neurodevelopmental assessments conducted at 18—24 and 36
months’ corrected age. This design strengthens the reliability of the findings and

increases the clinical relevance of the outcome measures.

The findings will inform evidence-based neonatal care, guide clinical-decision making and assist
clinicians in counselling families regarding prognosis and long-term developmental expectations.
By generating high-quality data on the relationship between DCC and neurodevelopmental
outcomes in preterm infants, this study has the potential to influence neonatal policies and

improve standards of care within NICUs in Canada and internationally.
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CHAPTER TWO: METHODOLGY

This chapter outlines the research methodology used in the study. It describes the study design,
sampling strategies, data collection processes and analytical techniques applied to draw

conclusions.

Study Design

This population based retrospective cohort study involved creating exposed and unexposed
groups based on two different cord clamping procedures. Both exposure and outcomes of interest
occurred before study initiation. The study population comprised preterm infants, delivered at the
Foothills Medical Centre (FMC) at <29 weeks’ gestational age (GA) and admitted to neonatal
intensive care unit (NICU) for ongoing care. Infants born between 1 January 2006, and 31
December 2011 (period 1), who received immediate cord clamping (ICC), formed the ICC group
(unexposed). Those born between 1 July 2012, and 31 December 2017 (period 2), who received
deferred cord clamping (DCC), formed the DCC group (exposed). A 6- month washout period (1
January—30 June 2012) separated the two cohorts. During the washout period, all staff members-
including neonatologists, NICU nursing staff, Neonatal-Perinatal Medicine residents, respiratory
therapists, nurse practitioners, obstetricians, low-risk maternity physicians, and nursing staff in
delivery room (DR) and operating room (OR), as well as residents in DR and in NICU-were
trained and educated in the DCC procedure. Neurodevelopmental outcomes of eligible preterm
infants were assessed up to 36 months corrected age (CA) at the regional neonatal follow-up

clinic (NFC).

Infants were categorised according to the cord clamping method they received at birth. The

exposed group included infants born during period 2 who underwent DCC, whereas the
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comparison group included those born during period 1 who underwent ICC. To minimise the
“healthy worker effect” and reduce selection bias, infants born in the DCC period (period 2) who
underwent ICC due to an immediate need for resuscitation of the newborns or mothers were
excluded from the study, as they were relatively unwell (133). Both groups were followed at the
NFC first at 18-24 months and then at 36 months CA to assess long-term neurodevelopmental

outcomes, mortality and growth.

Because existing data on preterm infants managed with DCC or ICC were available and could be
linked to neurodevelopmental follow-up records, a retrospective cohort design was deemed

appropriate for this study.

Study Population

We identified all preterm infants (born <29 weeks GA) who were admitted to the NICU at
Foothills Medical Centre. Following the application of the inclusion and exclusion criteria
outlined below, the study sample was followed up at 18—24 months and again at 36 months CA

to assess neurodevelopmental outcomes.

Inclusion Criteria

Infants were included in the study if they met the criteria below:

e Born at <29 weeks gestational age

e Admitted in the NICU at FMC, Alberta, Canada

e Had information available on cord clamping, whether DCC or ICC was received at birth

e Bornbetween 1 January 2006, and 31 December 2011 (period 1) and between 1 July 2012,
and 31 December 2017 (period 2)

e Outcome data available at 18—24 months and 36 months corrected age
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Exclusion Criteria

Infants meeting any of the following criteria were excluded:

e Chromosomal abnormalities
e Major congenital anomalies
e Born to mothers with antepartum haemorrhage
e Born during the washout period
e Missing cord-clamping information in the database
e Born during the DCC period but received ICC due to maternal or neonatal complications
e Outcome data were not available at 18—24 months and 36 months corrected age
These conditions were excluded from the analysis as each carries an independent risk for adverse

neurodevelopmental outcomes and could have introduced confounding and potential bias,

limiting the validity of the comparisons between exposure groups.

Location of the Study

The FMC in Calgary serves as a tertiary perinatal referral centre and houses a Level 3 NICU,
providing comprehensive care for high-risk preterm infants across Southern Alberta. Alberta
reported one of the highest preterm birth rates in Canada (8.8%) (134). Annually, approximately
17,250 infants are born in Calgary, of whom an estimated 1,550 are born preterm. Among these,
more than1,200 require specialised NICU care (135). Southern Alberta bears a higher burden of
critically ill preterm births, with nearly one in 8 infants requiring NICU admission. The NICU at

FMC admits approximately 1,200 infants yearly (136).
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Sample Size

The sample size for this retrospective cohort study was determined using power analysis to
ensure that the study retained sufficient statistical power to detect a clinically meaningful

difference between the exposed and unexposed groups.

The study followed a retrospective cohort design to evaluate long-term neurodevelopmental
outcomes in preterm infants, with the primary outcome being neurodevelopmental impairment
(NDI). The objective was to assess the impact of DCC compared with ICC on
neurodevelopmental outcomes at 18—24 months and 36 months CA in infants born at <29 weeks
gestational age. A randomized controlled trial (RCT), by Armstrong-Buisseret reported an NDI

rate of 34% among infants who underwent ICC (23).

The power analysis incorporated several factors: estimated effect size (RR), expected difference
in NDI (based on previous studies), a two-sided significance level (o) = 0.05, and the proportion

of ICC infants who developed NDI (0.34) in prior research (23).

Using these parameters, the power was calculated using the formula for comparing proportions

in two independent groups, as presented by Kelsey et al. (Table 2, p. 330) (137).

Zg = [n(d")r/(r+1) p~ (1- p)]|V? - Zo2, Where:
e n=153(18-24 months follow-up), 145 (36 months follow-up)
e Difference, d’=P1-P0 =-0.14
e Unexposed to exposed ratio, r =2
e Weighted average of P1 and PO, P"=P1 + rP0/1+r = 0.29

e Zynis the critical value for a two-tailed test at 0=0.05 (1.96)

The analysis showed that the study’s power to identify a RR of 0.60 was 87.5% for 18-24

months analysis, and 85.8% for 36 months analysis. This indicates that the study sample was
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sufficiently large to provide statistical reliability and validity to detect a meaningful effect size at

the desired relative risk level.

Data Collection Procedure

Following approval from the Conjoint Health Research Ethics Board (CHREB) at the University
of Calgary, data were obtained from the administrative neonatal database at Foothills Medical
Centre. The dataset included all preterm infants born at GA <29 weeks and admitted to the Level
3 NICU at FMC between 1 January 2006 and 31 December 2017. Each case was reviewed to
confirm eligibility according to the predefined inclusion and exclusion criteria. The dataset
included identifying variables such as the FMC patient identification number, date of birth,
name, and residential postal code, which were used solely for internal linkage and verification in

accordance with approved ethical guidelines.

Standardised demographic, perinatal and neonatal data were collected by a trained research
coordinator from the patients’ charts and entered into the database upon discharge from the
neonatal intensive care unit. These included maternal age, educational status, residential postal
code, pregnancy induced hypertension (PIH), gestational diabetes, chorioamnionitis, mode of
delivery, antenatal corticosteroid use (ANCS), antibiotic use during labour, parity, multiple birth,
prolonged rupture of the membrane (PROM), smoking or alcohol exposure during pregnancy,
and the type of cord clamping performed at delivery. Neonatal characteristics include GA, birth
weight, sex, and Apgar score at 5 minutes etc. Short-term outcome data were also collected,
including respiratory distress syndrome (RDS), bronchopulmonary dysplasia (BPD), patent
ductus arteriosus (PDA), neonatal sepsis, intraventricular haemorrhage (IVH), periventricular
leukomalacia (PVL), necrotising enterocolitis (NEC), retinopathy of prematurity (ROP),

discharge home on oxygen, number of packed red cell / whole blood transfusions, duration of
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mechanical ventilation, duration of non-invasive respiratory support, duration of oxygen support,
length of NICU stay (days) and mortality. Maternal socioeconomic status was assessed by
linking residential postal codes to the Pampalon deprivation (PDI) index. This index is a
composite measure of material and social deprivation, used to address health inequalities. It is
based on small geographical units, enumeration areas (EA) from the 1991 and 1996 Canadian
censuses and dissemination areas (DA) from the 2001, 2006, 2011, and 2016 censuses(138).
Quintiles of the material and social deprivation indices were derived by linking the DCC cohort

to the 2016 PDI and the ICC cohort with the 2011 PDI using residential postal codes.

Neurodevelopmental Outcome Data

Neurodevelopmental outcome data were obtained from the NFC database. Although the NFC
follows infants with GA <28 weeks and / or birth weight <1250 gram, this study included only
those born at GA <29 weeks, as neonatal morbidity correlates more strongly with gestational age
than with birth weight. Furthermore, older small-for-gestational-age (SGA) infants typically
align developmentally with peers of similar gestational age rather than similar weight. The
widespread use of gestational dating ultrasounds, particularly when the last menstrual period was

uncertain, further supported the reliability of GA as a predictor of postnatal morbidity.

Throughout the study period, all surviving preterm infants born at GA <29 weeks were
prospectively followed for comprehensive developmental assessments and longitudinal
evaluations by a multidisciplinary team comprising physiotherapists, physicians, occupational
therapists, psychologists, speech and language pathologists, dietitians, optometrists, and
audiologists. Examinations were conducted at 4, 8-, 12-, 18-, and 36-months CA at the NFC,
located at Alberta Children’s Hospital. Growth parameters, including height, weight and head

circumference, were measured using standardised techniques. Neurological and developmental
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assessments were conducted independently by neonatologists or pediatricians, certified
psychologists, occupational therapists, physiotherapists, dieticians, speech therapists, nurses,
audiologists and ophthalmologists. The neurological examination included assessment of tone,

strength, reflexes and posture.

Data Management

Following identification from the administrative neonatal database, each eligible participant was
assigned a unique study identification number. Regional Health Record Numbers (RHRNs) were

temporarily used to link data between the neonatal database at FMC and the NFC database.

Each variable from the dataset was entered, coded and saved in Microsoft Excel 365 prior to
editing. Variables defined as “no” were coded as 0 and those defined as “yes” were coded as 1.
After verification, the coded data were imported into Stata BE version 18.5 for statistical

analysis.

Study Variables
Outcome Variables:
The main outcome variables were divided into two subcategories: long-term neurodevelopmental

outcomes and short-term neonatal outcomes.

Long-term neurodevelopmental outcome variables (18 - 24 months and 36 months corrected
age)

e Death or any NDI (neurodevelopmental impairment)
e death or severe NDI

e any NDI

e severe NDI

e cerebral palsy
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e cognitive delay

e motor delay

e language delay

e visual impairment

e hearing impairment

e growth (height, weight and head circumference, continuous variable)

Short-term neonatal outcome variables

RDS, BPD, PDA, surgically treated PDA, neonatal sepsis, IVH, severe IVH (grade 3 or 4),
PVL, SNI (IVH > grade III and/or PVL), NEC (> stage i1), ROP, severe ROP (= stage 111+
treatment), discharge home on oxygen, number of packed red cell / whole blood transfusions,
duration of mechanical ventilation, duration of non-invasive respiratory support, duration of

oxygen support and length of NICU stay (days).

Exposure Variables:

The exposed group consisted of preterm infants born at GA <29 weeks between 1 July 2012, and

31 December 2017, who received DCC at birth.

The unexposed group consisted of preterm infants born at GA <29 weeks between 1 January

2006, and 31 December 2011, and who received ICC at birth.

Maternal Variables
e Maternal age at delivery (years, continuous variable)
e Completion of high school (yes or no)
e Pregnancy induced hypertension (PIH) (yes or no)
e Gestational diabetes (yes or no)
e Chorioamnionitis (Clinical and or histopathological confirmed) (yes or no)
e Mode of delivery (caesarean section versus vaginal delivery)

e Use of antenatal corticosteroids (ANCS) (yes or no)
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e Use of antibiotics during labor and delivery (yes or no)

e Parity (multiparous or nulliparous)

e Multiple birth (twins/triplets/greater versus singleton)

e Prolonged rupture of membrane (PROM >24 hours) (yes or no)
e Smoking during pregnancy (yes or no)

e Use of alcohol during pregnancy (yes or no)

e Socio-economic status by Pampalon deprivation index

Neonatal Variables
e Gestational age at birth (GA) (weeks, continuous variable)
e Birth weight (grams, continuous variable)
e Sex (male or female)
e Small for gestational age (SGA, <10' centile weight for that GA) (yes or no)
e Apgar scores at 5 minutes <7
e Number of packed red cells /whole blood transfusion (times, continuous variable)
e Duration of mechanical ventilation (days, continuous variable)
e Duration of non-invasive respiratory support (days, continuous variable)
e Duration of Oxygen (days, continuous variable)

e Length of stay at NICU (days, continuous variable)

Data Analysis

All statistical tests were two sided and the significance level was specified as 0=0.05.

Descriptive Statistics

Descriptive statistics were used to characterize the study population. Categorical variables were
summarized using frequency and percentage, whereas continuous variables were described using

mean (standard deviation) or median (interquartile range), depending on the data distribution.
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Univariate and Bivariate Analysis

Univariate analysis was conducted first to describe and summarize variable distributions.
Associations between the independent variable (DCC as exposure) and dependent variables
(outcomes) were examined using bivariate analysis. A similar approach was used to analyze the
association between DCC and neurodevelopmental outcomes (death or NDI, death or severe
NDI, any NDI, severe NDI, and each of the four components: cerebral palsy, cognitive, motor,
and language delay, visual and hearing impairment). The independent Student’s t-test was used to
compare normally distributed continuous variables, whereas the Mann-Whitney U test was used
for non-normally distributed data. Categorical outcomes were compared using the chi square test

or Fisher’s exact test when the expected cell frequency was <5 in some cells.

The primary outcome was defined as a composite of death or any NDI assessed at 18—24 months
and 36 months corrected age. The outcome variable was coded as 0 if neither death nor NDI

occurred and as 1 if either—death or any form of NDI—was identified at follow-up.

To ensure the accuracy and comparability, infants who died or showed signs of NDI without a
confirmed diagnosis of cerebral palsy, cognitive delay, motor delay, language delay, hearing
impairment, or visual impairment were excluded. This criterion ensured consistency in outcome

definitions and to reduce the risk of misclassification.

Multivariable Analysis

The potential influence of maternal and neonatal factors as effect modifiers or confounders on
the association between DCC and neurodevelopmental outcomes was evaluated using Mantel-

Haenszel test (139) and logistic regression analysis (140).
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The Mantel-Haenszel test compared between stratum specific odds ratios (ORs) for each variable
to detect effect modification and between crude ORs and adjusted ORs to identify confounding
effects. A p-value < 0.05 indicated that a variable functioned as an effect modifier. When non-
significant, a >10% change between the crude and the Mantel-Haenszel (M-H) adjusted ORs was
used as the threshold for identifying confounding, with consideration also given to clinical

relevance (141).

Initially, covariates showing statistically significant differences (p <.05) between the DCC and
ICC groups were identified as potential confounders. Variable selection was guided by both
statistical significance and the magnitude of change between crude and adjusted ORs. A
covariate was included in the model if its addition altered the effect estimate by > 10%. Variables
previously identified as confounders in existing literature were also prioritised to minimise
residual confounding. Multicollinearity Assessment was done using the matrix of correlation to
identify if independent variables were highly correlated. With multicollinearity, it is hard to
determine the true effect of each independent variable on the dependent variable and results in
less reliable model. Moreover, clinically relevant variables were prioritized for retention in the

final regression model.

Logistic regression analysis began by testing for effect modification through inclusion of
interaction terms (exposure x covariate) for variables identified as potential effect modifiers in
stratified analysis. Covariates with statistically significant interaction terms (p < 0.05) were
treated as effect modifiers, while non-significant interaction terms were excluded from the final

model.
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Each final logistic regression model for neurodevelopmental outcomes was evaluated for
goodness of fit using the Hosmer-Lemeshow test (142), recognising that separate neonatal
cohorts were analysed for the DCC and ICC periods. The final models estimated the effect of
DCC on neurodevelopmental outcomes, adjusting for covariates with plausible clinical or
statistical associations. This modelling process was applied independently to all outcome
measures assessed at 18—24 months and 36 months corrected age. Propensity score matching
(143) was conducted to align participants with similar confounder distributions, providing
unbiased estimates of exposure effect. Propensity scores were calculated using a multivariable
logistic regression model that included GA at birth, male sex, caesarean section (C-section), and
ANCS as covariates. Matching was conducted in Stata BE version 18.5 using a caliper width
equal of 0.2 times the standard deviation of the logit-transformed propensity scores, with outliers
outside this range excluded from the matched sample. Odds ratios with 95% confidence intervals

and two-sided p- values were calculated to demonstrate associations.

Ethical Considerations

This study was approved by the CHREB of the University of Calgary. Following ethical
approval, permission to use administrative data for research purposes was obtained from Alberta
Health Services, and the NFC, Section of Neonatology. Human participants were not directly
involved as the health outcome databases of preterm infants admitted to the FMC and followed
at the NFC, were assessed retrospectively. Accordingly, a waiver of consent was sought to access
data from existing records. This was justified because no intervention was conducted, the
outcomes had already occurred, retrospective consent was not feasible, there was no additional
risk to infants whose data were analysed and there was no justification for contacting families.

Each infant was assigned a unique study identification (ID) number to ensure accurate data
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management. These identifiers were stored in a separate secure file with restricted access limited
to the investigators. Identifying information was removed from the database and all data were
stored on the AHS network in a password- protected file to maintain confidentiality. Data
analysis was performed anonymously, and results were reported without identifying any

individual infant.

Operational Definitions

Deferred Cord Clamping (DCC): Deferred cord clamping refers to the practice of clamping the
umbilical cord at least > 15 seconds (64) and it may be continued up to 3—5 minutes or until the

umbilical cord stop pulsating (21, 40).

Immediate Cord Clamping (ICC): Immediate cord clamping is defined as the clamping of the

umbilical cord <15 seconds after delivery (64).

Physiological-Based Cord Clamping (PBCC): Physiological-based cord clamping is defined as
keeping the umbilical cord intact after birth until the newborn has achieved lung aeration and
demonstrates respiratory stability—evidenced by regular spontaneous breathing, a heart rate 100
beats per minute or above, and oxygen saturation greater than 90%, while receiving less than

40% supplemental oxygen (44).

Umbilical Cord Milking (UCM): Umbilical cord milking is defined as manually expressing
20-30 cm of the umbilical cord blood toward the newborn by gently squeezing the cord three to
five times at an approximate rate of 10 cm per second. This technique can be performed with the
cord intact (intact UCM or [-UCM), or after the cord has been cut and separated from the

placenta (cut UCM) (47).
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Gestational Age (GA): Gestational age is defined as the number of completed weeks that have
elapsed between the first day of the mother’s last menstrual period and the day of delivery (144).
It is the best obstetric estimate, which incorporates early prenatal ultrasound findings and
obstetric history, unless the postnatal pediatric assessment—based on the Ballard scoring
system—differed by more than two weeks. The Ballard score evaluates gestational age through
an assessment of the newborn’s neuromuscular (posture, square window, arm recoil, popliteal
angle, scarf sign, heel to ear) and physical maturity (skin, lanugo, plantar surface, breast, eye /

ear, genitals) across six criteria in each domain (145).

Corrected age (CA): Corrected age is determined by subtracting the number of weeks of
prematurity (i.e., the difference between 40 weeks and the gestational age at birth) from the
infant’s chronological age. It is typically used for assessing growth and developmental

milestones in preterm infants up to 3 years of age (144).

Post menstrual age (PMA): Postmenstrual age refers to the time elapsed between the first day
of the mother’s last menstrual period (LMP) and the current date or the date of assessment (time
passed after birth) of the infant. It is used for premature and newborn infants’ developmental or

medical assessment (144).

Small for gestational age (SGA): Small for gestational age is defined as birth weight below the
10th percentile for that gestational age, based on the Fenton growth chart for preterm infants

(146).

Appropriate for gestational age (AGA): Appropriate for gestational age is defined as birth
weight between the 10th and the 90th percentile for that gestational age based on the Fenton
growth chart for preterm infants (146).
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Respiratory Distress Syndrome (RDS): Respiratory distress syndrome is a common breathing
disorder that often occurs in preterm infants (born before 30-32 weeks gestation) due to lack of
surfactant. Symptoms include rapid breathing (respiratory rate > 60 breaths per minute), nasal
flaring with each breath, intercostal, subcostal and sternal retractions, expiratory grunting,
cyanosis, diminished breath sounds along with characteristic chest x-ray findings. This condition
requires treatment with nasal continuous positive airway pressure (nCPAP) and / or surfactant

replacement as well as mechanical ventilation when necessary (147).

Bronchopulmonary dysplasia (BPD): Bronchopulmonary dysplasia is defined as the need of
additional oxygen at 36 weeks PMA in premature infants born at <30 weeks gestational age

(148).

Patent ductus arteriosus (PDA): Patent ductus arteriosus refers to the continued patency of the
fetal shunt between the pulmonary artery and the aorta. Under normal conditions, this ductus
functionally closes within the first 72 hours after birth; however, delayed closure is observed in
up to 80% of infants born between 25 and 28 weeks of gestation. It can lead to pulmonary over
circulation and systemic hypoperfusion, potentially contributing to significant morbidity in
preterm infants. The approach to PDA treatment has recently shifted from advocating an
aggressive and early closure to watchful observation. The timing of spontaneous closure is
inversely proportional to GA, with a median duration of approximately 71 days in infants born at
<26 weeks, compared to 6 days in those born at >30 weeks. Usually, it was treated medically

(indomethacin or ibuprofen or acetaminophen) or surgically or both (81, 149).

Neonatal Sepsis: Neonatal sepsis is a systemic infection, defined by isolation of a pathogenic

organism from a sterile site, typically blood or cerebrospinal fluid, in a symptomatic infant.
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Sepsis is commonly classified based on the timing of symptom onset into two categories: early-
onset sepsis (EOS), which manifests within the first 72 hours of life and is caused by bacterial
pathogens transmitted vertically from mother to infant before or during delivery while late-onset
sepsis (LOS) occurs after 72 hours of age and may be caused by vertically or horizontally

acquired pathogens (85).

Intraventricular Haemorrhage (IVH): Intraventricular hemorrhage means bleeding into the
ventricular system of the brain due to rupture of the germinal matrix. It typically occurs in
premature infants born between 23 and 32 weeks of gestation, often because of sudden
fluctuations in blood flow. IVH was originally classified using the Papile et al. criteria, based on
head CT scan. However, cranial ultrasound has now become the standard diagnostic tool,
especially in extremely preterm infants admitted to the NICU, where it is routinely performed
during the first week of life for early detection. IVH is categorized by severity, Grade I:
subependymal (germinal matrix) hemorrhage only, Grade II: IVH without ventricular dilatation,
Grade III: IVH with ventricular dilatation, Grade IV: IVH with ventricular dilatation and

extension into the brain parenchyma (periventricular hemorrhagic infarction) (150).

Severe intraventricular Haemorrhage (severe IVH): Severe intraventricular hemorrhage
refers to Grade III or Grade IV IVH, as classified by the Papile grading system. Grade III IVH
involves significant bleeding into the ventricular system with acute ventricular dilation, while
Grade IV IVH (also referred to as periventricular hemorrhagic infarction) includes parenchymal

involvement due to venous infarction adjacent to the ventricles (151).

Periventricular Leukomalacia (PVL): Periventricular leukomalacia is a brain injury seen in

premature infants, involving damage to the white matter surrounding the ventricles of the brain.
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It results from decreased oxygen or blood supply and appears as localized tissue death in the

periventricular region. Diagnosis is typically made using cranial ultrasound or MRI (152).

Severe neurological injury (SNI): Severe neurological injury is defined as grade 3 or 4 IVH

and / or PVL diagnosed using a cranial ultrasound scan or magnetic resonance imaging (153).

Necrotising Enterocolitis (NEC): Necrotising Enterocolitis is a life-threatening condition
characterized by inflammation and bacterial invasion of the intestine, which can cause necrosis
of the intestinal tissue. It is classified according to Modified Bell’s Criteria: stage I (suspected):
supportive care is provided, and diagnostic evaluation is performed to exclude other causes,
stage II (definite NEC): management by nasogastric decompression, intravenous fluids, and
broad-spectrum antibiotics, stage III (advanced NEC): requires urgent surgical intervention

(111).

Retinopathy of prematurity (ROP): Retinopathy of prematurity is a condition involving
abnormal blood vessel growth in the retina, primarily affecting extremely premature infants who
have received high levels of oxygen therapy. Diagnosis is performed by an ophthalmologist
using the criteria set out in the International Classification of Retinopathy of Prematurity, Third

Edition (ICROP3) (154).

Severe retinopathy of prematurity (sSROP): Retinopathy of prematurity is classified as severe
when it reaches Stage 3 or higher. Treatment for severe ROP typically involves laser therapy or
injection of anti-VEGF medications to halt abnormal vessel growth, and may require surgical

procedures like scleral buckling or vitrectomy to reattach the retina (155).
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Definition of Neurodevelopmental Qutcome Variables:

Neurodevelopmental impairment (NDI): Neurodevelopmental impairment includes presence
of any of the following outcomes: cerebral palsy, GMFCS >1; cognitive, motor or language
delay, Bayley Scales of Infant Development, 3rd edition (BSID-III) scores of <85 on any
component (cognitive, motor, language composite score at 18-24 months) or full scale IQ (FSIQ)
<85 on the Wechsler Preschool and Primary Scale of Intelligence, 3rd or 4th edition (WPPSI-III
or IV) at 36 months or >1SD below the mean; sensorineural hearing loss or auditory neuropathy
with or without aid; visual impairment with corrected visual acuity of >20/60 in the better eye, or
unilateral / bilateral blindness(156). The Leiter-R (Leiter international performance scale-
revised) test is a non-verbal intelligence test suitable for non-English-speaking children. It has a
mean of 100 and standard deviation of 15, consistent with WPPSI. Cognitive scores from the
Leiter-R were categorized using the same classification scheme applied in the WPPSI assessment

(157).

Severe neurodevelopmental impairment (s-NDI): Severe neurodevelopmental impairment
includes presence of any of the following outcomes: cerebral palsy, GMFCS >3; cognitive,
motor or language delay, Bayley Scales of Infant Development, 3rd edition (BSID-III) scores of
<70 on any component (cognitive, language, motor composite score 18-24 months) or the
Wechsler Preschool and Primary Scale of Intelligence (WPPSI) iii/iv, scores of <70 (36 months)
or >2 SD below the mean ; bilateral sensorineural hearing loss or auditory neuropathy with aid;

bilateral blindness (corrected visual acuity <20/200 in better eye) (122).

Cerebral palsy (CP): CP is a heterogeneous group of disorders that can cause spasticity,

dystonia, muscle contractures, weakness and coordination difficulty which affects the ability to
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control movements. The diagnosis of cerebral palsy was made if the child had non-progressive
motor impairment characterized by abnormal muscle tone in at least one extremity leading to
functional impairment. Cerebral palsy is diagnosed by neonatologists / pediatricians through a
detailed neurological examination, and its severity is classified using the GMFCS (Gross Motor
Function Classification System) rating at the time of diagnosis. A physiotherapist is also involved

in the assessment of muscle tone and motor function in the clinic (158).

GMFCS I: Able to walk without limitations. Individuals less than two years of age can crawl on
hands and knees, pull to stand, cruise when holding onto furniture. They are usually able to attain
independent walking between the age of 18 months and two years. Between two and four years

of age, can sit and transition between sitting and standing independently.

GMFCS II: Able to walk with limitations. A child before the age of two can sit with upper
extremity support, crawl on their stomach, and may be able to pull-to-stand or cruise with
support. Between ages 2 and 4, the child can transition into and out of sitting without support,
can sit without support (may need to use their upper extremities for balance), can crawl on hands

and knees, cruise with support and walk with a mobility device.

GMFCS III: Able to walk with a hand-held mobility device in indoor but use wheeled mobility
in the community and for longer distances. Children in GMFCS III who are less than 2 years old
can roll and occasionally crawl forward when lying on their stomach, as well as sit with some
low back support. Between ages 2 and 4, a child can “W” sit on the floor with some help getting
into the position, crawl on his / her stomach or creep on all fours and may pull-to-stand and walk
short distances using a handheld mobility device (walker or gait trainer) with some assistance for

maneuvering.
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GMFCS 1IV: Able to sit with support, but self-mobility is limited, usually needs transport in a
manual wheelchair or using powered mobility. Before the age of 2, children have head control
and can roll but require truncal support to sit. Between ages 2 and 4, a child can sit with upper
extremity support, require assistance to transition into sitting, and may require adaptive

equipment for sitting or standing. At this age, some self-mobility is possible through rolling or

stomach crawling for short distances, but reciprocal leg movement is absent.

GMFCS V: Have severe limitations with head and trunk control and self-mobility is only
possible using a powered wheelchair. Children before the age of 2 do not have independent head
or trunk control and require assistance to roll. Between the ages of 2 to 4, the child has no
independent movement and requires assistance for transport using manual mobility devices.
Adaptive equipment is required for sitting or standing. It is possible to become independent

using power mobility with additional adaptations.

Cognitive delay: Cognitive function was assessed with Bayley Scales of Infant Development,
3rd edition (BSID-III), <85 on cognitive composite score at 18-24 months and FSIQ <85 on the
Wechsler Preschool and Primary Scale of Intelligence, 3rd, or 4th edition (WPPSI-III/IV) or >1
SD below the mean, tested by trained healthcare professionals (159). The Leiter-R (Leiter
international performance scale-revised) test is a non-verbal intelligence test suitable for non-
English-speaking children. It has a mean of 100 and standard deviation of 15, consistent with
WPPSI. Cognitive scores from the Leiter-R were categorized using the same classification

scheme applied in the WPPSI assessment (157).

Severe cognitive delay means Bayley Scales of Infant Development, 3rd edition (BSID-III),

scores of <70 on cognitive component (cognitive composite score 18-24 months) or the Wechsler
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Preschool and Primary Scale of Intelligence (WPPSI) III/IV, scores of <70 (36 months) or >2 SD

below the mean (159, 160).

In this study, cognitive assessments at 18—24 months were conducted using BSID-III for both the
DCC and ICC cohorts. However, at 36 months CA, cognitive outcomes were assessed using the
WPPSI-1V in the DCC cohort and the WPPSI-III in the ICC cohort. Because these instruments
differ in their structure, scoring systems, normative data, and test content, any observed
differences in cognitive performance between the cohorts may reflect variations in the
assessment tools rather than true differences in developmental outcomes. This discrepancy

introduces the potential for measurement bias.

Motor / Language delay: According to the Bayley Scales of Infant and Toddler Development,
3rd Edition (BSID-III), a mild delay is indicated when the motor or language composite score is

<85, while a severe delay is defined as a score <70, typically assessed at 18 to 24 months of age

(159).

Growth: The Fenton growth chart is used for detecting SGA among preterm infants. The WHO
growth standard is used for measuring growth parameters at 18-24 months and 36 months

corrected age (146, 161).

Bilateral hearing loss: Sensorineural hearing loss requiring amplification (159).

Bilateral blindness: Blindness is defined as visual acuity <20/200 following refractive

correction in the strongest eye (159).

Pampalon Deprivation Index: The Pampalon deprivation index (PDI) is a composite measure

of material and social deprivation, used to address health inequalities in rural and vulnerable
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populations to access health care services. Socioeconomic status was assessed using the
Pampalon material and social deprivation index to classify the study cohort into quintiles of
deprivation, It was based on small geographical units, the enumeration areas (EA) from the
1991 and 1996 Canadian censuses and the dissemination areas (DA) from the 2001, 2006, 2011,
and 2016 censuses which can be linked to the administrative databases by residential postal
codes. The deprivation index was built from six socioeconomic indicators: the proportion of the
population aged 15 years or older without a high school diploma or equivalent education,
employment to population ratio, average income, living alone, separated, divorced, or widowed
and single parents. These indicators were combined to create a factor score for each EA or DA.
The distribution of EA / DAs was then divided into five quintiles, with quintile 1 denoting the
most privileged EAs / DAs and quintile 5 representing the population residing in the most
deprived EAs / DAs. The index was calculated separately for material and social component. The
material Deprivation Index reflects the deprivation of goods and conveniences (average
household income; unemployment rate; and high school education rate). The social Deprivation
Index reflects the deprivation of relationships among individuals in the family, the workplace,
and the community (proportion of the population separated, divorced, or widowed; proportion of
the population that lives alone; and proportion of the population that has moved in the past five
years). Here the residential postal codes for mothers in the DCC group were linked with the 2016
Pampalon deprivation index and those for the ICC groups were linked with the 2011 Pampalon

deprivation index (138).
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CHAPTER THREE: RESULTS

This chapter is organized to first describe the process of sample selection, followed by a detailed
presentation of maternal and neonatal characteristics among infants exposed to deferred cord
clamping (DCC) and immediate cord clamping (ICC). It then examines the differences in short-
term neonatal morbidities, summarizes the variations in long-term neurodevelopmental outcomes
between the two groups, and concludes with a comparative analysis of the infants who received

DCC versus ICC, during the designated DCC implementation period.

Descriptive Statistics

Flow of Study Sample Selection

A total of 1384 preterm infants, born at <29 weeks’ gestation were admitted to the regional
neonatal intensive care unit (NICU) at Foothills Medical Centre (FMC) in Calgary, Alberta,
between 1 January 2006, and 31 December 2017. Preterm infants born between 1 January 2006
and 31 December 2011 (period 1), who received ICC, were included in the ICC group
(unexposed). Those born between 1 July 2012 and 31 December 2017 (period 2), who received
DCC, were included in the DCC group (exposed). A six month wash out period (1 January to 30

June 2012) was applied between the two groups.

From 1384 infants, 981 met the inclusion criteria for this study; A total of 403 were excluded for
various reasons: 49 were born during washout period, 1 had chromosomal anomalies, 83 had
congenital anomalies and 270 were born to mothers with antepartum haemorrhage. The
exclusion criteria were included conditions such as chromosomal anomalies, congenital
anomalies and antepartum haemorrhage as these were independently associated with perinatal

mortality, morbidities, neurodevelopmental impairments as well as poor growth (162-164).
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After applying the inclusion and exclusion criteria, a total of 540 preterm infants were included
in the DCC time-period. Of these, 241 infants lacked documented information regarding type of
cord clamping administered at birth. Additionally, to mitigate “healthy worker effect” and
minimize selection bias, infants born during the DCC period who received ICC due to immediate
need for neonatal resuscitation or critical conditions of mothers (n=134) were excluded from the
study sample (133). As a result, the final DCC cohort comprised 165 infants, representing
30.56% of the initial DCC sample (165 out of 540 infants). For comparison, the ICC cohort

included 441 infants, constituting 100% of the original ICC sample.

Overall, follow-up data were unavailable for 39 preterm infants at 18—24 months follow-up
(including 12 from the DCC group and 27 from the ICC group), and for 46 preterm infants at 36

months follow-up (including 8 from the DCC group and 38 from the ICC group).

Two analytical datasets were generated to conduct the analyses. The first dataset comprised 153
preterm infants in DCC group (including 11 deaths and 142 with available follow-up data) and
414 preterm infants in ICC group (including 29 deaths and 385 with follow-up data), all of

whom had outcome data available at 18-24 months corrected age (Figure 2).

The second dataset included 134 preterm infants in the DCC group with available follow-up data
and a total 11 deaths (0 at 36 months and 11 between 18-24 months). For comparison, the ICC
cohort included 346 infants with follow-up data and a total of 30 deaths (1 at 36 months and 29

between 18—24 months), all of whom had data available for analysis at 36 months (Figure 2).
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Figure 2. Flow diagram of the study cohort.

All discrete variables were dichotomized, with a value of 0 indicating absence and 1 indicating
the presence of the respective condition. This binary coding approach was consistently applied to

all short-term and long-term neurodevelopmental outcome variables. Statistical comparisons
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were conducted using two-sided t-test for normally distributed continuous variables, Mann-
Whitney U test for continuous variables that were not normally distributed. Categorical variables
were assessed using the Chi-squared test and the Fisher’s exact test was employed when

expected cell counts were less than 5.

Maternal Characteristics

This section provides a detailed overview of the maternal characteristics of infants included in
the two groups. Variables were selected based on previous literature on maternal morbidities and
developmental outcomes in preterm infants. The aim was to examine the maternal demographic
characteristics as potential factors to short-term neonatal morbidities in those who received DCC,

as well as their influence on mortality, long-term neurodevelopmental outcomes, and growth.

Maternal Age at Delivery

Maternal age data were available for all 606 (100%) preterm infants. The distribution of maternal

age at the time of birth for DCC and ICC cohorts is illustrated in Figure 3.

The maternal age distribution was slightly skewed in both groups due to presence of outliers. The
median maternal age was 33 years (IQR: 28-38) in the DCC group and 30 years (IQR: 25-34) in
the ICC group. Mann-Whitney U test was performed, revealing that mothers in the DCC group

were significantly older than those in ICC group (33 vs 30 years, p =<.001).
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Figure 3. Box plots of maternal age for the DCC and ICC groups. The line in the middle of the
box represents the median. The lower and upper borders of the boxes represent lower or 1st
quartile (Q1) and upper or 3rd quartile (Q3). The lower and upper whiskers represent the 95%
CI. The dots represent the outliers. All these would apply to later boxes as well.

Completion of High School

Data on maternal education status were available for 506 (83.50%) infants. The proportion of
mothers who had completed a high school degree was similar between two groups (87.5% vs

85.71%; p = .613), (Table 1).

Table 1. Comparison of high school completion among mothers in DCC and ICC groups

DCC Group ICC group

Completed high school (n = 128) (n = 378) p-value
Yes, n (%) 112 (87.50) 324 (85.71)

613
No, n (%) 16 (12.50) 54 (14.29)

*p-value obtained using Chi-squared test
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Pregnancy Induced Hypertension (PIH)

Data on the presence of PIH in mothers were available for 495 (81.68%) infants. The proportion
of mothers with PIH was 20% in the DCC and 17.58% in the ICC groups. This difference was

not statistically significant (p =.512), (Table 2).

Table 2. Comparison of mothers with PIH in DCC and ICC groups

DCC Group ICC Group .
PIH (n = 165) (n = 330) p-value
Yes, n (%) 33 (20) 58 (17.58)
512
No, n (%) 132 (80) 272 (82.42)

*p-value obtained using Chi-squared test
PIH: pregnancy induced hypertension

Gestational Diabetes

Data on maternal gestational diabetes were available for 495 (81.68%) infants. The proportion of
mothers with gestational diabetes was similar between the two groups (8.48% in the DCC group

vs 5.45% in the ICC group; p = .196), (Table 3).

Table 3. Comparison of mothers with gestational diabetes in DCC and ICC groups

Gestational DCC Group ICC Group

Diabetes (n = 165) (n = 330) p-value
Yes, n (%) 14 (8.48) 18 (5.45)

196
No, n (%) 151 (91.52) 312 (94.55)

*p-value obtained using Chi-squared test

Clinical and Histopathological Chorioamnionitis

Clinical chorioamnionitis is diagnosed based on maternal signs and symptoms, including
maternal fever accompanied by one or more of the following: maternal tachycardia, fetal
tachycardia, uterine tenderness, foul-smelling amniotic fluid, and maternal leukocytosis, as

assessed by obstetric team. In contrast, histopathological chorioamnionitis was confirmed
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through microscopic examination of placental and membrane tissues, characterized by
neutrophilic infiltration of the chorion and /or amnion (indicating a maternal inflammatory
response). In more advanced cases, inflammation of the umbilical cord (funisitis) or chorionic
plate vessels (reflecting a fetal inflammatory response) may be observed. Data were available for
583 (96.20%) infants. The proportion of mothers diagnosed with chorioamnionitis was similar

between the two groups (21.82% vs 25.12%; p = .402), (Table 4).

Table 4. Comparison of mothers who had Chorioamnionitis in DCC and ICC groups

. C e DCC Group ICC Group x
Chorioamnionitis (n = 165) (n = 418) p-value
Yes, n (%) 36 (21.82) 105 (25.12)

402
No, n (%) 129 (78.18) 313 (74.88)

*p-value obtained using Chi-squared test

Mode of Delivery

Data on mode of delivery were available for 606 (100%) infants. The proportion of mothers who
delivered via caesarean section was not statistically different between the two groups (52.73% vs

58.50%; p = .201), (Table 5).

Table 5. Comparison of caesarean delivery among mothers in DCC and ICC cohorts

. DCC Group ICC Group «
Caesarean Section (n = 165) (n = 441) p-value
Yes, n (%) 87 (52.73) 258 (58.50)
No, n (%) 78 (47.27) 183 (41.50) 201

*p-value obtained using Chi-squared test
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Antenatal Corticosteroids (ANCS)

Pregnant women at risk of premature delivery, were administered ANCS (betamethasone or
dexamethasone) to accelerate fetal lung maturation. Data were available for 602 (99.34%)
infants. The proportion of ANCS administration differed significantly between the groups;

(93.94% vs 85.35%, p = .004); (Table 6).

Table 6. Comparison of use of antenatal corticosteroids in DCC and ICC cohorts

Antenatal DCC Group ICC group _value*

Corticosteroids (n =165) (n =437) p

Given, n (%) 155 (93.94) 373 (85.35) .
.004

Not Given, n (%) 10 (6.06) 64 (14.65)

*p-value obtained using Chi-squared test
? Indicates statistical significance

Use of Antibiotics During Labor and Delivery

Data on the antibiotics use were available for 599 (98.84%) infants. Statistical difference was

observed in the proportion between groups (70.30% vs 61.06 %, p = .036), (Table 7).

Table 7. Comparison of use of maternal antibiotics in DCC and ICC groups

DCC group ICC Group x
Antibiotics at Labour p-value
(n =165) (n =434)
Yes, n (%) 116 (70.30) 265 (61.06) 036
No, n (%) 49 (29.70) 169 (38.94) '

*p-value obtained using Chi-squared test
“Indicates statistical significance

Parity

Parity denotes the number of births (including live births and still births) where pregnancies

reached viable gestational age or foetal weight (>20 weeks’ gestation or >400 grams birthweight)
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(165). Data were available for 590 (97.36%) infants. Parity was coded as 0 for nulliparous and 1
for multiparous. The proportion of multiparous mother was similar between the groups (49.09%

vs 44.94%; p = .364). The Graphic and numeric comparison of parity in both cohorts is shown in

Figure 4 and Table 8.
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Figure 4. Bar diagrams showing distribution of parity in DCC & ICC cohorts.
Table 8. Comparison of mothers’ parity in DCC and ICC cohorts
. DCC Group ICC Group x
Parity (n = 165) (n = 425) p-value
Multiparous, n (%) 81 (49.09) 191 (44.94)
364

Nulliparous, n (%) 84 (50.91) 234 (55.06)

*p-value obtained using Chi-squared test
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Multiple Birth

Data on multiple birth were available for all 606 (100%) infants. The proportion of multiple
births was similar between the DCC and ICC groups (27.27 vs 32.43%; p = .222), (Table 9). In
the DCC group, there were 41 twin births and 4 were triplet births, while in the ICC group, there

were 112 twin births and 31 were of triplet births.

Table 9. Comparison of multiple birth status in DCC and ICC cohorts

. . DCC Group ICC group .
Multiple Birth (n = 165) (n = 441) p-value
Yes, n (%) 45 (27.27) 143 (32.43)

222
No, n (%) 120 (72.73) 298 (67.57)

*p-value obtained using Chi-squared test

Prolonged Rupture of the Membrane (PROM, > 24 hours)

Data on PROM were available for 601 (99.17%) infants. Membrane rupture occurring < 24 hours
before delivery was coded as 0 while rupture occurring at or beyond 24 hours was coded as 1.
The proportion of PROM was similar between the DCC and ICC groups (29.70% vs 25.92%; p =

.351); (Table 10).

Table 10. Comparison of PROM (>24 hours) among mothers in DCC and ICC cohort

DCC Group ICC group

PROM (n = 165) (n = 436) p-value
Yes, n (%) 49 (29.70) 113 (25.92)

351
No, n (%) 116 (70.30) 323 (74.08)

*p-value obtained using Chi-squared test
PROM: prolonged rupture of the membrane
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Smoking During Pregnancy

The data on maternal smoking were available for 603 (99.50%) infants. The proportion mothers
who smoked was significantly different between DCC and ICC groups (9.70% vs 23.97%; p

<.001); (Table 11).

Table 11. Comparison of mother’s smoking status in DCC and ICC cohorts

. DCC Grou ICC grou «
Smoking (n = 165) P (n =g438)p p-value
Yes, n (%) 16 (9.70) 105 (23.97) .

<.001
No, n (%) 149 (90.30) 333 (76.03)

*p-value obtained using Chi-squared test
? Indicates statistical significance

Use of Alcohol During Pregnancy

Data on maternal alcohol consumption were available for 602 (99.34%) infants. The proportion

was similar between the DCC and ICC groups (4.85% vs 5.03%; p =.926), (Table 12).

Table 12. Comparison of alcohol consumption among mothers in DCC and ICC cohorts

Alcohol DCC Group ICC group

consumption (n = 165) (n = 437) p-value
Yes, n (%) 8 (4.85) 22 (5.03)

926
No, n (%) 157 (95.15) 415 (94.97)

*p-value obtained using Chi-squared test

Socio-economic Status by Pampalon Deprivation Index

Residential postal codes for mothers in the DCC group were linked to the 2016 Pampalon
deprivation index whereas those in the ICC group were linked to the 2011 Pampalon deprivation

index (138).
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Data on maternal socio-economic status were available for 555 (91.58%) infants. Mothers in
quintile 5 of both the material and social deprivation quintiles were considered the most
materially and socially deprived whereas, those belonged to quintile 1 were considered the most

materially and socially privileged.

The proportions of mothers differed significantly between the groups according to the material
deprivation quintiles (p = .038); (Table 13), while the proportions were similar according to the

social deprivation quintiles (p = .261); (Table 14).

Table 13. Comparison of mothers in DCC and ICC groups by Material Deprivation Quintiles

Material Deprivation DCC Group ICC Group

Quintiles (n = 158) (n = 397) p-value
Q1 (most privileged), n (%) 27 (17.09) 61 (15.37)

Q2, n (%) 33 (20.88) 70 (17.63)

Q3, n (%) 30 (18.99) 70 (17.63) 038
Q4, n (%) 17 (10.76) 89 (22.42)

Q5(most deprived), n (%) 51(32.28) 107 (26.95)

*p-value obtained using Chi-squared test
? Indicates statistical significance

Table 14. Comparison of mothers in DCC and ICC cohorts by Social Deprivation Quintiles

Social Deprivation DCC Group ICC Group 1
Quintiles (n = 158) (n = 397) p-value
QI (most privileged), n (%) 27 (17.09) 63 (15.87)

Q2, n (%) 34 (21.52) 61 (15.37) 261
Q3,n (%) 32 (20.25) 75 (18.89) '
Q4,n (%) 36 (22.79) 97 (24.43)

Q5(most deprived), n (%) 29 (18.35) 101(25.44)

*p-value obtained using Chi-squared test

Maternal Baseline Characteristics

Table 15 reflects the maternal baseline characteristics of preterm infants who received either,

DCC or ICC at birth.
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Table 15. Maternal baseline characteristics of infants received DCC and ICC (N = 606).

Maternal Characteristics DCC Group 1CC Group p-value”
(n =165) (n =441)

Age in years, median (IQR) 33 (28-38) 30 (25-34) <.001"
Completed high school 112/128 (87.50) 324/378 (85.71) .613
PIH 33/165 (20) 58/330 (17.58) 512
Gestational Diabetes 14/165 (8.48) 18/330 (5.45) .196
Chorioamnionitis 36/165 (21.82) 105/418 (25.12) 402
C-section 87/165 (52.73) 258/441 (58.50) 201
ANCS 155/165 (93.94) 373/437 (85.35) 004
Maternal Antibiotics 116/165 (70.30) 265/434 (61.06) .036'
Multiparous 81/165 (49.09) 191/425 (44.94) 364
Multiple Birth 45/165 (27.27) 143/441 (32.43) 222
PROM 49/165 (29.70) 113/436 (25.92) 351
Smoking 16/165 (9.70) 105/438 (23.97) <.001"
Alcohol use 8/165 (4.85) 22/437 (5.03) 926
Material Deprivation Quintiles

Quintile1 (most privileged) 27/158 (17.09) 61/397 (15.37)

Quintile 2 33/158 (20.88) 70/397 (17.63) 038"

Quintile 3 30/158 (18.99) 70/397 (17.63)

Quintile 4 17/158 (10.76) 89/397 (22.42)

Quintile 5 (most deprived) 51/158 (32.28) 107/397 (26.95)
Social Deprivation Quintiles

Quintile1(most privileged) 27/158 (17.09) 63/397 (15.87)

Quintile2 34/158 (21.52) 61/397 (15.37) 261

Quintile3 32/158 (20.25) 75/397 (18.89)

Quintile4 36/158 (22.79) 97/397 (24.43)

Quintile5 (most deprived) 29/158 (18.35) 101/397 (25.44)

*Mann-Whitney test for continuous variables and Chi-squared test for categorical variables.

? Indicates statistical significance

Data for categorical variables are expressed as n/N (%) and for continuous variables are expressed as median

(IQR)unless specified otherwise

The variables have different denominators because not all variables had all data available
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ANCS: antenatal corticosteroids; C-section: caesarean section; DCC: deferred cord clamping; ICC: immediate cord
clamping; PIH: pregnancy induced hypertension; PROM: prolonged rupture of the membrane

Mothers in the DCC group were older, more likely received ANCS and antibiotics, higher
proportion lived in the most materially deprived dissemination areas. Conversely, fewer mothers

in the DCC group reported smoking.

Neonatal Characteristics

Gestational Age at Birth (GA)

Data on gestational age were available for all 606 (100%) infants. Figure 5 and 6 describes the

proportion and distribution of gestational age in the DCC and ICC groups.
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Figure 5. Bar diagram showing comparison of gestational age (weeks) in DCC & ICC groups.
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Figure 6. Box Plot showing distribution of gestational age in the DCC & ICC groups.

In general, the number of preterm infants in both groups increased with higher gestational ages,
except for a slight decrease at 27 weeks in the ICC category (Figure 5). According to the box
plot, the distribution of GA was skewed in both groups, primarily due to the smaller number of
infants in the lower gestational age categories. The median gestational age in the DCC group was
27 (IQR: 26-28) weeks, while in the ICC group it was 26 (25-28) weeks (Figure 6). A
statistically significant difference was observed in median gestational age between the two

groups using the Mann—Whitney U test (p =.029).

Birth Weight

The data on birth weight were available for all 606 (100%) infants. The distribution of birth
weight was slightly skewed among infants in the ICC group. The median birth weight in the

DCC group was 870 (IQR: 750—-1150) grams, while in the ICC group, it was 865 (750—-1100)
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grams. The Mann-Whitney U test indicated that median birth weight was similar between the

two groups (p = .229); (Figure 7).
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Figure 7. Box Plot showing distribution of birth weight in DCC & ICC group.

Sex of the Infants

Data on sex were available for 606 (100%)) infants. Sex was coded as 0 for female and 1 for

male. The proportion of males was similar (55.15% vs 55.56%, p=.929); (Table 16).
prop

Table 16. Comparison of neonatal sex in DCC & ICC Groups

Sex DCC Group ICC Group _value®
(n = 165) (n = 441) P

Male. n (%) 91 (55.15) 245 (55.56) 02

Female, n (%) 74 (44.85) 196 (44.44) '

*p-value obtained using Chi-squared test

68



Small for Gestational Age (SGA)

Data on small for gestational age (SGA), defined as birth weight below the 10th percentile, were
available for all 606 (100%)) infants. A higher proportion of infants in the DCC group were
classified as SGA compared to the ICC group (10.91% vs. 6.12%). This difference was

statistically significant (p = .045); (Table 17).

Table 17. Comparison of SGA status in DCC & ICC Groups

. DCC Group ICC Group .
Small for Gestational Age (n = 165) (n = 441) p-value
Yes, n (%) 18 (10.91) 27 (6.12) .
.045
No, n (%) 147 (89.09) 414 (93.88)

*p-value obtained using Chi-squared test
 Indicates statistical significance

Apgar Scores at 5 minutes <7

The Apgar score is a measure of a newborn’s well being at birth and indicates the effectiveness
of resuscitation, if required. It is assessed at 1 and 5 minutes after birth. Data were available for
601 (99.17%)) infants. The distribution was skewed left in the DCC group, but symmetric with
outliers in the ICC group; (Figure 8). The median (IQR) Apgar score at 5 minutes was 8 (6— 8)
in the DCC group and 7 (6-8) in the ICC group, indicating a slightly higher score among infants
who received DCC. Mann-Whitney U test showed statistically significant difference in the
median of 5-minute Apgar score between the two groups (p = .023), although this difference was

not considered clinically significant.
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Figure 8. Box plots showing Apgar score at 5 minutes in DCC & ICC group.

The 5- minute Apgar score was categorized as 0 for Apgar score >7 and 1 for <7. The proportion

of infants with scores <7 was similar between the DCC and ICC groups (29.70% vs 34.17%; p =

.297); (Table 18).

Table 18. Comparison of Apgar score at 5 min <7 among infants in DCC & ICC Groups

Apgar score at DCC Group ICC Group _value
5 minutes <7 (n = 165) (n = 436) P
Yes, n (%) 49 (29.70) 149 (34.17)

297
No, n (%) 116 (70.30) 287 (65.83)

*p-value obtained using Chi-squared test

Baseline Characteristics of the Infants

The baseline demographic characteristics of preterm infants were illustrated in Table 19.
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Table 19. Demographic characteristics in infants received DCC and ICC at birth

Demographic DCC Group ICC Group

Characteristics (n =165) (n = 441) p-value
GA- weeks, median (IQR) 27 (26-28) 26 (25-28) .029
Birth weight-grams, 870 (750-1150) 865 (750-1100) 229
median (IQR)

Male sex 91/165 (55.15) 245/441 (55.56) 929
SGA 18/165 (10.91) 27/441 (6.12) 045"
Apgar score at 5 minutes <7 49/165 (29.70) 149/436 (34.17) 297

*Mann-Whitney U test for continuous variables which are not normally distributed and Chi-squared test for
categorical variable

 Indicates statistical significance

Data for categorical variables are expressed as n/N (%) and for continuous variables are expressed as median
(IQR)unless specified otherwise

The variables have different denominators because not all variables had all data available

DCC: deferred cord clamping; ICC: immediate cord clamping; GA: gestational age; SGA: small for gestational age
(<10th percentile)

Preterm infants in the DCC group were delivered at a slightly higher gestational age and the

proportion of SGA infants was significantly higher compared to the ICC group.

Neonatal Short-Term Outcomes

Maternal and infant baseline variables that showed significant associations with DCC—such as
GA, ANCS, antibiotic use, smoking status, material deprivation quintiles, and SGA, were
included in the analysis as confounding factors to adjust the estimates of short-term outcomes.
Additionally, for the outcomes of retinopathy of prematurity (ROP) and severe ROP, the

estimates were also adjusted for the duration of oxygen supplementation (166).

Respiratory Distress Syndrome (RDS)

Data on RDS were available for 605 (99.83%) infants. Proportion of infants who developed RDS

was 90.30% in DCC and 94.09% in ICC group. The unadjusted odds ratio (OR) was 0.58 (95%
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CI: 0.29-1.20); however, the association did not reach statistical significance (p = .103); (Table

20).

Table 20. Association between DCC and RDS (n = 605)

Odds
RDS (yes) RDS (no) Total Odds Ratio p-
Exposure n (%) n (%) n (%) l}g)ss({lf;;/ (95% CI)  value®
129 6 165
DCC 9030)  (9.70) (100) 031 0.58 103
414 26 440 (0.29-1.20)
1CC 9409  (5.91) (100) 15.92

*p-value obtained using Chi-squared test
RDS: respiratory distress syndrome

Notably, the association between DCC and RDS remained insignificant after adjusting for GA,
ANCS, antibiotics, smoking status, SGA and material deprivation quintiles as potential

confounders (adjusted OR, AOR: 0.74, 95% CI 0.37-1.47, p = .389).

Bronchopulmonary Dysplasia (BPD)

Data on BPD were available for 556 (91.75%) infants. Although the proportion of BPD was
lower in the DCC group compared to the ICC (53.13% vs 60.35%), the association was not

statistically significant, unadjusted OR: 0.74 (95% CI: 0.51-1.10, p = .117); (Table 21).

Table 21. Association between DCC and BPD (n = 556)

Odds
BPD (yes) BPD (no) Total Odds Ratio ) x
Exposure n (%) n (%) n (%) ];l;]i)({lfzgl (95% CI) p-value
85 75 160
DCC (53.13)  (4687)  (100) 113 0.74 117
239 157 396 (0.51-1.10)
1CC 6035  (39.65)  (100) 1.52

*p-value obtained using Chi-squared test
BPD: bronchopulmonary dysplasia
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Notably, the association between DCC and BPD also remained insignificant after adjusting for
GA, ANCS, antibiotics, smoking status, SGA and material deprivation quintiles as potential

confounders (AOR: 0.84, 95% CI: 0.56-1.27, p = .418).

Patent Ductus Arteriosus (PDA)

Data on PDA were available for 602 (99.34%) infants. The proportion of PDA was lower in
infants who received DCC compared to those who received ICC (57.58% vs 67.28%) and this

association was statistically significant, OR: 0.66 (95% CI: 0.45 — 0.97), p = .026); (Table 22).

Table 22. Association between DCC and PDA (n = 602)

Odds
PDA (yes) PDA (no) Total Odds Ratio ) %
Exposure n (%) n (%) n (%) l;)l?)z; (2:3/ (95% CI) p-value
95 70 165
DCC (57.58) (42.42)  (100) 1.36 0.66 026"
294 143 437 (0.45-0.97)
IcC 6728  (3272)  (100y 06

*p-value obtained using Chi-squared test
# Indicates statistical significance
PDA: patent ductus arteriosus

However, after adjusting for GA, ANCS, antibiotics, smoking status, SGA and material
deprivation quintiles, the association between DCC and PDA was no longer significant (AOR:
0.87, 95% CI: 0.58-1.32, p=.525).

Surgical Ligation

Among infants with PDA, 14 (8.48%) in the DCC group underwent surgical ligation, compared
to 91 (20.82%) in the ICC group. The unadjusted OR was 0.35 (95% CI: 0.18-0.65) and this

association was statistically significant (p =.001, Table 23).
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Table 23. Association between DCC and PDA treated with surgical ligation (n = 602)

Total Odds
Ligation (yes) Ligation (no) o . Odds Ratio p-
Exposure o o n (%) Ligation (yes)/ o %
n (%) n (%) Ligation (no) (95% CI) value
14 151 165
DCC (8.48) (91.52) (100) 0.09 0.35 001’
ole 91 346 437 0.26 (0.18-0.65) -
(20.82) (79.18) (100) )

*p-value obtained using Chi-squared test
? Indicates statistical significance
PDA: patent ductus arteriosus
Of note, the association between DCC and surgically treated PDA remained statistically
significant after adjusting for GA, ANCS, antibiotics, smoking status, SGA and material
deprivation quintiles as potential confounders (AOR: 0.44, 95% CI: 0.23-0.85, p=.015).
Neonatal Sepsis
Data on neonatal sepsis were available for 604 (99.67%) infants. There was a statistically
significant difference in the proportion of sepsis between DCC and ICC groups (11.52% vs
24.83%; p = <.001). The unadjusted OR was 0.39 (95% CI: 0.22-0.68) and these association
reached statistical significance (p =.001, Table 24).
Table 24. Association between DCC and Neonatal Sepsis (n = 604)

Exposure Sepsis (yes)  Sepsis (no)  Total Sep(s)i(si((i;es) / Odds Ratio p-value'

0 o o (1)
n (%) n (%) n (%) Sepsis (n0) (95% CI)
19 146 165
DCC (11.52) (88.48) (100) 0.13 0.39 001
109 330 439 (0.22-0.68)
1CC (24.83) (75.17)  (100) 0.33

*p-value obtained using Chi-squared test
? Indicates statistical significance
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Of interest, the association between DCC and neonatal sepsis remained statistically significant
after adjusting for GA, ANCS, antibiotics, smoking status, SGA and material deprivation

quintiles as potential confounders (AOR: 0.42, 95% CI: 0.24-0.73; p=.002).

Intraventricular Haemorrhage (IVH)

Data on IVH were available for 604 (99.67%) infants. The proportion of infants who had IVH
was 29.70% in the DCC and 30.75% in the ICC group. The unadjusted OR was 0.95 (95% CI:

0.63 — 1.43), p = .802; (Table 25).

Table 25. Association between DCC and IVH (n = 604)

Odds
IVH (yes) IVH (no) Total Odd Ratio ) %
Exposure n (%) n (%) n (%) IK]IIILI({;%;g/ (95% CI) p-value
49 116 165
DCC (29.70)  (70.30) (100) 0.42 0.95 -
1cC 135 304 439 0.44 (0.63-1.43) ’
(30.75) (69.25) (100) )

*p-value obtained using Chi-squared test
IVH: intraventricular haemorrhage

The association between DCC and IVH also remained insignificant after adjusting for GA,
ANCS, antibiotics, smoking status, SGA and material deprivation quintiles as potential

confounders (AOR: 1.34, 95% CI: 0.86-2.09, p = .188).

Severe IVH

The proportion of severe IVH (grade 3 or grade 4 IVH) was similar in both groups (15.15% vs

12.30%). The unadjusted OR was 1.27 (95% CI: 0.73-2.17), p = .354; (Table 26).

Table 26. Association between DCC and severe IVH (grade 3 or 4) (n = 604)

Odds
s-IVH (yes) s-IVH (no) Total Odd Ratio %
Exposure o o o s-IVH (yes)/ o p-value
n (%) n (%) n (%) s-IVH (no) (95% CI)
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DCC 25 140 165 0.18

(15.15) (84.85) (100) 1.27 354
cc 54 385 439 014 0.73-2.17)
(12.30) (87.70) (100) '

*p-value obtained using Chi-squared test
s-IVH: severe intraventricular haemorrhage

Of interest, the association between DCC and severe IVH became statistically significant after
adjusting for GA, ANCS, antibiotics, smoking status, SGA and material deprivation quintiles as

potential confounders (AOR: 1.97, 95% CI: 1.09-3.55, p = .025).

Periventricular Leukomalacia (PVL)

Data on PVL were available for 603 (99.50%) infants. The proportion of infants who had PVL
was similar in the DCC and ICC groups (2.42% vs 3.65%) and the association was not

statistically significant 0.65 (95% CI: 0.16-2.07), p = .452; (Table 27).

Table 27. Association between DCC and PVL (n = 603)

Odds

PVL (yes) PVL (no) Total Odds Ratio ) #
Exposure n (%) n (%) n (%) l;\(}[i(()flfg/ (95% CI) p-value
4 161 165
DCC (2.42) (97.58) (100) 0.02 0.65 452
16 422 438 (0.16-2.07)
ICC (3.65) 9635 100y %03

*p-value obtained using Fisher’s Exact test
PVL: periventricular leukomalacia

Of interest, the association between DCC and PVL was also not statistically significant after
adjusting for GA, ANCS, antibiotics, smoking status, SGA and material deprivation quintiles as

potential confounders (AOR: 0.77, 95% CI: 0.23-2.56, p = 0.671).
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Severe Neurological Injury (SNI):

Data on SNI were available for 605 (99.82%) infants. The proportion was relatively high among
the infants in the DCC group compared to the ICC group (15.15% vs 11.82), but the association

was not statistically significant, unadjusted OR 1.33, (95% CI: 0.76-2.28), p = .273; Table 28).

Table 28. Association between DCC and Severe SNI (n = 605).

Exooure | SNLGES)  SNI(mo)  Total SN(I)‘zdeSS) . Odds Ratio value’
P n (%) n (%) n(%) o {no) (95% CI) P
25 140 165
DCC (15.15) (8485  (100) 0.17 133 278
52 387 439 (0.76-2.28)
1CC (11.85) (88.15)  (100) 0.13

*p-value obtained using Chi-squared test
SNI: severe neurologic injury

However, the association between DCC and SNI became statistically significant after adjusting
for GA, ANCS, antibiotics, smoking status, SGA and material deprivation quintiles as potential

confounders (AOR: 1.94, 95% CI: 1.08-3.46, p = .026).

Necrotising Enterocolitis (NEC)

NEC is categorized into several stages as per modified Bell’s criteria and presence of stage II or
higher was considered as positive outcome for this study. Data on NEC were available for 605
(99.83%) infants. The proportion of infants with confirmed NEC was lower in DCC compared to
the ICC group (8.48% vs 11.59). The unadjusted OR was 0.71 (95% CI: 0.35—1.34) and the

association was not statistically significant (p = .272; Table 29).

Table 29. Association between DCC and NEC (n = 605)

Odds
NEC (yes) NEC (no) Total Odds Ratio x
Exposure R o o NEC (yes)/ o p-value
n (%) n (%) n (%) NEC (no) (95% CI)
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DCC 14 151 165 0.09 0.71

(8.48) (91.52) (100) (035.134) 272
cc 51 389 440 013
(11.59) (88.41) (100) '

*p-value obtained using Chi-squared test
NEC: necrotising enterocolitis

Of interest, the association between DCC and NEC was also not statistically significant after
adjusting for GA, ANCS, antibiotics, smoking status, SGA and material deprivation quintiles as

potential confounders (AOR: 0.76, 95% CI: 0.39—-1.47, p= .419).

Retinopathy of Prematurity (ROP)

Data on ROP were available for 508 (83.83%) infants. The proportion of infants diagnosed with
ROP (all stages) was comparable between the two groups (76.47% vs 74.65%) and the

association was not significant 1.10 (95% CI: 0.69—1.77), p = .662; (Table 30).

Table 30. Association between DCC and ROP (n = 508)

Odds
ROP (yes) ROP (no) Total Odds Ratio ) #
Exposure n (%) n (%) n (%) l;%l;)({nez;/ (95% CI) p-value
117 36 153
DCC (7647)  (23.53) (100) 3.23 1.10 662
265 90 355 (0.69-1.77)
1CC (74.65) (25.35) (100) 2.94

*p-value obtained using Chi-squared test
ROP: retinopathy of prematurity

The association between DCC and ROP was also not statistically significant after adjusting for
GA, ANCS, antibiotics, smoking status, SGA, material deprivation quintiles and duration of

oxygen as potential confounders (AOR 1.67, 95% CI: 0.96-2.92, p = .069).
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Severe ROP

The proportion of severe ROP was significantly lower among DCC infants (7.19% vs 27.32%; p
=<.001) compared to ICC. This association was statistically significant, 0.21 (95% CI: 0.10—

0.40); p = <.001; (Table 31).

Table 31. Association between DCC and Severe ROP (n = 508)

Severe ROP  Severe ROP Total Odds Odds Ratio .
Exposure (yes) (no) n (%) sROP (yes)/ (95% CI) p-value
n (%) n (%) ’ sROP (no) ’
11 142 153
DCC (7.19) (92.81) (100) 0.08 021 <.001°
97 258 355 (0.10-0.40)
1CC (27.32) (72.68) (100) 0.38

*p-value obtained using Chi-squared test
# Indicates statistical significance
ROP: retinopathy of prematurity

The association between DCC and severe ROP was continued to be significant after adjusting for
GA, ANCS, antibiotics, smoking status, SGA, material deprivation quintiles and duration of

oxygen as potential confounders (AOR: 0.21, 95% CI: 0.10-0.46, p =< .001).

Discharge Home on Oxygen

Data on discharge home with oxygen were available for 596 (98.35%) infants. The proportion of
infants discharged with oxygen was lower in the DCC groups compared to the ICC group
(52.76% vs 74.60%). The unadjusted OR was 0.38 (95% CI: 0.26—0.56) and was statistically

significant (p = <.001); (Table 32).

Table 32. Association between DCC and discharge home on oxygen (n = 596)

Discharge home Discharge home Odds Odds
Total . "
Exposure on Oxygen (yes) on Oxygen (no) n (%) (yes)/ Ratio p-value
n (%) n (%) 0 (no)  (95% CI)
86 77 163 0.38
DCC (52.76) (47.24) aooy M 026056 <V
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323 110 433
ICC (74.60) (25.40) ooy 2%

*p-value obtained using Chi-squared test
? Indicates statistical significance

The association between DCC and discharge home on oxygen remained significant after
adjusting for GA, ANCS, antibiotics, smoking status, SGA and material deprivation quintiles as

potential confounders (AOR: 0.35, 95% CI: 0.23-0.53, p =< .001).

Number of RBC / Whole Blood Transfusion

Data were available for 596 (98.35%)) infants. The distribution of number of required
transfusions in DCC and ICC groups is shown in Figure 9. Mann-Whitney U test was used due
to skewed distribution of the data, presence of outliers and the difference in standard deviation
(SD) between groups. The median (IQR) number of RBC/whole blood transfusion was lower in
the infants who received DCC, 0 (0-2) transfusions compared to those who received ICC, 3 (0—

4) transfusions. This difference was statistically significant (p = <.001).
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Figure 9. Box plots of number of blood transfusion received by DCC and ICC infants.

Duration of Mechanical Ventilation

Mechanical ventilation provides respiratory support for the premature infants via endotracheal
tube (conventional positive pressure ventilator or high frequency ventilation). Data were
available for 354 (58.42%) infants. The distribution across both groups is shown in Figure 10.
Mann—Whitney U test was performed. The median (IQR) duration of mechanical ventilation was
shorter in DCC infants, 2 (1-11) days compared to ICC infants, 3 (1-16) days; however, the

difference was not significant (p = .621).
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Figure 10. Box plots of duration of mechanical ventilation in infants received DCC and ICC.

Duration of non-invasive respiratory support

Non-invasive respiratory assists premature infants in breathing via CPAP (continuous positive
airway pressure) or SiPAP (synchronized inspiratory positive airway pressure) or HFNC (high
flow nasal canula/prongs) > 1.5 LPM (litre per minute) or LENC (low flow nasal canula/prongs)
< 1.5 LPM (litre per minute) with or without oxygen at 22%. The data were available for 331
(54.62%) infants. The distribution was slightly skewed with few outliers. The median (IQR)
duration of non-invasive respiratory support was longer in DCC infants, 52 (40—60) days
compared to ICC infants, 24 (10-45) days, (Figure 11). Mann—Whitney U test indicated a

statistically significant difference between the two groups (p = <.001).
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Figure 11. Box plots of duration of non-invasive respiratory support between DCC and ICC
groups.

Duration of Oxygen Support

The data on the duration of oxygen support were available for 529 (87.29%) infants. The
distribution was mildly skewed in the ICC group with outliers present in both groups. The
median (IQR) duration of oxygen requirement was shorter in DCC infants, 150 (100-200) days
compared to ICC infants, 200 (100-300) days and was statistically significant (p = .003);

(Figure 12).
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Figure 12. Box plots of duration of oxygen support in DCC and ICC infants.

Length of Stay at NICU

Data on the duration of NICU stay were available for 597 (98.51%) infants. The distribution was
symmetric with a few outliers in both the DCC and ICC groups. The median length of NICU stay
was 90 days (IQR: 80—110) in the DCC group and 89 days (IQR: 78—110) in the ICC group,
(Figure 13). Mann-Whitney U test revealed a statistically significant difference in the length of

NICU stay between the two groups (p =.032).
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Figure 13. Length of stay (days) at NICU in DCC and ICC infants.

Short-term Neonatal Outcomes
Short-term neonatal outcomes are shown in Table 33.
Table 33. Short-term neonatal outcomes between DCC and ICC groups.
Neonatal Short-term DCC Group ICC Group Adjusted OR* p-
QOutcome (n = 165) (n =441) (95% CI) value
RDS 149/165 (90.30) 414/440 (94.09) 0.74 (0.37-1.47) 389
BPD 85/160 (53.13)  239/396 (60.35)  0.84 (0.56-1.27) 418
PDA 95/165 (57.58)  294/437 (67.28)  0.87 (0.58-1.32) 525
Surg. treated PDA 14/165 (8.48) 91/437 (20.82) 0.44 (0.23-0.85) .015’:.
Neonatal sepsis 19/165 (11.52)  109/439 (24.83)  0.42 (0.24-0.73) .002"
IVH 49/165 (29.70)  135/439 (30.75)  1.34 (0.86-2.09) 188
Severe IVH 25/165 (15.15)  54/439 (12.30) 1.97 (1.09-3.55) 025
PVL 4/165 (2.42) 16/438 (3.65) 0.77 (0.23-2.56) 671
SNI 25/165 (15.15)  52/439 (11.85) 1.94 (1.08-3.46) 026
NEC, stage > 11 14/165 (8.48) 51/440 (11.59) 0.76 (0.39-1.47) 419
ROP 117/153 (76.47)  265/355 (74.65)  1.67 (0.96-2.92)* .069
Severe ROP 11/153 (7.19) 97/355(27.32)  0.21 (0.10-0.46)* < .OOlfq
Discharge home on oxygen 86/163 (52.76)  323/433 (74.60)  0.35(0.23-0.53) <.001
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Number of transfusions, 0 3

median (IQR) (0-2) (0-4) N/A <.001°
rj;l();gila\rlleaanaRt;on-days’ (1_21 1 (1_31 6) N/A 621
fl s o w wa e
median (IQR) (40-60) (10-45) '
zggilaill()%k())xygen_ s (10(1)5300) (1039200) N/A 003
Iljlleii[insgglgays’ (80?(1)10) (78%10) N/A 032

* Adjusted for GA, ANCS, antibiotics, smoking status, SGA and material deprivation quintiles

£ ROP and severe ROP also adjusted for duration of oxygen support

# Indicates statistical significance

Data for categorical variables are expressed as n/N (%) and for continuous variables are expressed as median
(IQR)unless specified otherwise

The variables have different denominators because not all variables had all data available

BPD: bronchopulmonary dysplasia; DCC: deferred cord clamping; ICC: immediate cord clamping; IVH:
intraventricular haemorrhage; NEC: necrotising enterocolitis; PDA: patent ductus arteriosus; PVL: periventricular
leukomalacia; RDS: respiratory distress syndrome; ROP: retinopathy of prematurity; SNI: severe neurological injury
OR: odds ratio

N/A: not applicable

Bivariate analysis revealed that DCC in preterm infants was significantly associated with lower
rates of PDA ligation, neonatal sepsis, severe ROP, frequency of blood transfusion, oxygen
dependency at discharge home and fewer days of oxygen support during their NICU stay.
However, the incidence of severe IVH and SNI was significantly higher, and the duration of non-

invasive respiratory support and NICU stay was longer among them.

Mortality, Long-Term Neurodevelopmental Outcomes and Growth

Outcomes at 18-24 Months

Maternal and Neonatal Baseline Characteristics

The table below, (Table 34) presents the comparison of maternal and neonatal baseline
characteristics of the preterm infants who received DCC or ICC and were evaluated at 18-24

months.
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Table 34. Maternal and neonatal baseline characteristics of infants received DCC and ICC at 18-

24 months corrected age (N= 567)

Maternal and Neonatal DCC Group ICC Group x
Characteristics (n = 153) (n = 414) p-value
Mothers’ age in years, median (IQR) 33 (27-37) 30 (25-34) <.001"
Completed high school 107/123 (86.99) 317/368 (86.14) 812
PIH 31/153 (20.26) 56/308 (18.18) 591
Gestational Diabetes 13/153 (8.50) 16/308 (5.19) 169
Chorioamnionitis 34/153 (22.22) 100/392 (25.51) 423
C-section 81/153 (52.94) 243/414 (58.70) 219
ANCS 144/153 (94.12) 350/412 (84.95) .003°
Maternal Antibiotics 108/153 (70.59) 248/409 (60.64) 029’
Multiparous 73/153 (47.71) 179/399 (44.86) 547
Multiple Birth 43/153 (28.10) 132/414 (31.88) 387
PROM 46/153 (30.07) 108/410 (26.34) 378
Smoking 14/153 (9.15) 94/411 (22.87) <.001"
Alcohol use 8/153 (5.23) 21/410 (5.12) 959
Material Deprivation Quintiles

Quintilel (most privileged) 24/146 (16.44) 57/371 (15.36)

Quintile 2 30/146 (20.55) 67/371 (18.06) 107

Quintile 3 29/146 (19.86) 67/371 (18.06) ’

Quintile 4 16/146 (10.96) 79/371 (21.30)

Quintile 5 (most deprived) 47/146 (32.19) 101/371 (27.22)
Social Deprivation Quintiles

Quintile1(most privileged) 24/146 (16.44) 60/371 (16.17)

Quintile2 34/146 (23.29) 59/371 (15.90) 195

Quintile3 29/146 (19.86) 69/371 (18.60) ’

Quintile4 34/146 (23.29) 91/371 (24.53)

Quintile5 (most deprived) 25/146 (17.12) 92/371 (24.80)
GA in weeks, median (IQR) 27 (26-28) 26 (25-28) 034
Birth weight in grams, median (IQR) 850 (700-1100) 800 (710-1050) 208
Male sex 84/153 (54.90) 224/414 (54.11) .866
SGA 17/153 (11.11) 27/414 (6.52) .070
Apgar score at 5 minutes <7 45/153 (29.41) 140/409 (34.23) 279

*Mann-Whitney test for continuous variables and Chi-squared test for categorical variables.

? Indicates statistical significance

Data for categorical variables are expressed as n/N (%) and for continuous variables are expressed as median

(IQR)unless specified otherwise

The variables have different denominators because not all variables had all data available

ANCS: antenatal corticosteroids; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
ICC: immediate cord clamping; PIH: pregnancy induced hypertension PROM: prolonged rupture of the membrane;
SGA: small for gestational age (<10th percentile)
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Mothers in the DCC group were older, more likely to have received ANCS and antibiotics, but
smoked less. Additionally, preterm infants in the DCC group were born at a slightly higher

gestational age than those in the ICC group.

Assessment of Lost to follow-up children at 18 - 24 months

To account for attrition, a comparative analysis was carried out between children assessed at 18—
24 months CA and those who were lost to follow-up. The analysis focused on baseline maternal
and neonatal characteristics as well as short-term neonatal morbidities and was performed
separately for the DCC and ICC groups, as shown in Table 35. The goal was to gain a thorough
understanding of any potential differences between the followed-up and lost to follow-up
cohorts. A total 39 children were lost to follow-up,12 from DCC group and 27 from ICC group.
There was no significant difference in the proportion of children lost to follow-up between

groups (7.27% vs 6.12%, p=.612).

Table 35. Comparison between Evaluated and Lost to Follow-Up in DCC and ICC Group

DCC ICC
(N=165) (N=441)
Demographic Characteristics Evaluated Lost Follow-up Evaluated Lost Follow-up
and short-term outcomes (n=153) (n=12) (n=414) (n=27)
Maternal age in years, 33’ 27 30 28
median (IQR) (28-37) (22-35) (25-33) (22-32)
Completed high school 107/123 5/5 317/368 7/10
(86.99) (100) (86.14) (70)
PIH 32/153 1/12 56/308 2/22
(20.91) (8.33) (18.18) (9.09)
Gestational diabetes 13/153 1/12 16/308 2/22
(8.50) (8.33) (5.19) (9.09)
Chorioamnionitis 34/153 2/12 100/392 5/26
(22.22) (16.67) (25.51) (19.23)
C-section 81/153 6/12 243/414 15/27
(52.94) (50) (58.70) (55.56)
ANCS 144/153 11/12 350/412 23/25
(94.12) (91.67) (84.95) (92)
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Maternal antibiotics 107/153 9/12 247/409 18/25
(69.93) (75) (60.39) (72)
Multiparous 73/153 8/12 179/399 12/26
(47.71) (66.67) (44.86) (46.15)
Multiple Birth 42/153 3/12 132/414 11/27
(27.45) (25) (31.88) (40.74)
PROM 46/153 3/12 108/410 5/26
(30.06) (25) (26.34) (19.23)
Smoking 14/153 2/12 94/411° 11/27
(9.15) (16.67) (22.87) (40.74)
Alcohol use 8/153 0/12 21/410 1/27
(5.23) (0) (5.12) (3.70)
Material deprivation Quintiles
Quintilel 24/146 3/12 57/372 4/25
(most privileged) (16.44) (25) (15.32) (16)
Quintile2 31/146 2/12 67/372 3/25
(21.23) (16.67) (18.01) (12)
Quintile3 29/146 1/12 67/372 3/25
(19.86) (8.33) (18.01) (12)
Quintile4 15/146 2/12 80/372 9/25
(10.27) (16.67) (21.51) (36)
Quintile5 47/146 4/12 101/372 6/25
(most deprived) (32.20) (33.33) (27.15) (24)
Social deprivation Quintiles
Quintilel 24/146 3/12 60/372 3/25
(most privileged) (16.44) (25) (16.13) (12)
Quintile2 33/146 1/12 59/372 2/25
(22.60) (8.33) (15.86) (8)
Quintile3 29/146 3/12 69/372 6/25
(19.86) (25) (18.55) (24)
Quintile4 34/146 2/12 91/372 6/25
(23.29) (16.67) (24.46) (24)
Quintile5 26/146 3/12 93/372 8/25
(most deprived) (17.81) (25) (25) (32)
GA in weeks, 27 27.5 26 26
median (IQR) (26-28) (25-28) (25-28) (26-28)
Birth weight in gram, 900 950 850° 950
median (IQR) (750-1100) (800-1170) (700-1150) (850-1300)
Male 84/153 7/12 224/414° 21/27
(54.90) (58.33) (54.11) (77.78)
SGA 17/153 1/12 27/414 0/27
(11.11) (8.33) (6.52) (0)
Apgar at 5 minutes <7 45/153 4/12 139/409 10/27
(29.41) (33.33) (33.98) (37.04)
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RDS 138/153 11/12 390/413 24/27
(90.20) (91.67) (94.43) (88.89)
BPD 80/153 5/12 226/375 13/21
(53.69) (45.45) (60.27) (61.90)
PDA 89/153 6/12 277/412 17/25
(58.17) (50) (67.23) (68)
Surg. treated PDA 13/153 1/12 86/412 5/25
(8.50) (8.33) (20.87) (20)
Sepsis 17/153 2/12 106/413 3/26
(11.11) (16.67) (25.66) (11.54)
IVH 47/153 2/12 127/413 8/26
(30.72) (16.67) (30.75) (30.77)
Severe [IVH 24/153 1/12 50/413 4/26
(15.69) (8.33) (12.11) (15.38)
PVL 4/153 0/12 16/412 0/26
(2.61) (0) (3.88) (0)
SNI 24/153 1/12 48/413 4/27
(15.69) (8.33) (11.62) (14.81)
NEC, stage > 11 12/153 2/12 48/414 3/26
(7.84) (16.67) (11.59) (11.54)
ROP 108/142 9/11 259/344 6/10
(76.05) (81.82) (75.29) (60)
Severe ROP 11/142 0/11 96/344 1/10
(7.75) (0) (27.83) (10)
Discharge home on oxygen 77/151 9/12 303/408 20/25
(50.99) (75) (74.26) (80)
Number of transfusions 0 1 2 1.5
median (IQR) (0-2) (0-3) (04) (0-3)
Total ventilation-days, 1 1 2.5 2
median (IQR) (0-10) (0-15) (1.5-16) (0-10)
Non-invasive resp. support 60 58 20 18
Days, median (IQR) (40-70) (42-68) (8-40) (4-24)
Total suppl. oxygen-days 75 50 100 75
median (IQR) (50-100) (45-120) (50-250) (50-200)
NICU stay-days, 95 90 80° 75
median (IQR) (87-110) (85-115) (60-110) (50-100)

* Mann-Whitney U test for continuous variables which are not normally distributed, Chi-squared test for categorical
variables and Fisher’s exact test when the cell count <5

? Indicates statistical significance

Data for categorical variables are expressed as n/N (%) and for continuous variables are expressed as median (IQR)
unless specified otherwise

The variables have different denominators because not all variables had all data available

ANCS: antenatal corticosteroids, BPD: bronchopulmonary dysplasia; C-section: caesarean section; DCC: deferred cord
clamping; GA: gestational age; ICC: immediate cord clamping; IVH: intraventricular haemorrhage; NEC: necrotising
enterocolitis; PDA: patent ductus arteriosus; PIH: pregnancy induced hypertension; PROM: prolonged rupture of the
membrane; PVL: periventricular leukomalacia; RDS: respiratory distress syndrome; ROP: retinopathy of prematurity;
SGA: small for gestational age (<10th percentile); SNI: severe neurological injury
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In the DCC cohort, mothers who completed follow-up were significantly older than those who
were lost to follow-up. In contrast, within the ICC cohort, mothers in the follow-up group had a
lower prevalence of smoking during pregnancy and their infants had lower birth weights and a
lower proportion of males. Additionally, infants in the follow-up group had significantly longer

NICU stays compared to those lost to follow-up.

Definition of Neurodevelopmental Impairments

The primary outcome of our study was composite of death or any neurodevelopmental

impairment (NDI).

Definition of NDI includes presence of any of the following outcomes: cerebral palsy (CP),
Gross Motor Function Classification System (GMFCS) score >1; cognitive, motor or language
delay, Bayley Scales of Infant Development, 3rd edition (BSID-III) scores of <85 on any
component (at 18-24 months) or full scale 1Q (FSIQ) <85 on the Wechsler Preschool and
Primary Scale of Intelligence, 3rd or 4th edition (WPPSI-III or IV) at 36 months or >1SD below
the mean; sensorineural hearing loss or auditory neuropathy with or without aid; visual
impairment with corrected visual acuity of >20/60 in the better eye, or unilateral/bilateral
blindness (156). The Leiter-R (Leiter international performance scale-revised) test is a non-
verbal intelligence test suitable for non-English-speaking children. It has a mean of 100 and
standard deviation of 15, consistent with WPPSI (157). Cognitive scores from the Leiter-R were

categorized using the same classification scheme applied in the WPPSI assessment.

Definition of severe NDI (sNDI) includes presence of any of the following outcomes: cerebral
palsy, GMFCS score >3; cognitive, motor or language delay, BSID-III scores of <70 on any

component (at 18-24 months) or the WPPSI III or IV, scores of <70 (36 months) or >2SD below
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the mean; bilateral sensorineural hearing loss or auditory neuropathy with aid; bilateral blindness

(corrected visual acuity <20/200 in better eye) (122).

The outcome variable was coded as 0 if neither death nor NDI occurred and as 1 if either—death

or any form of NDI—was identified at follow-up.

To ensure the accuracy and comparability, infants who died or showed signs of NDI without a
confirmed diagnosis of cerebral palsy, cognitive delay, motor delay, language delay, hearing
impairment, or visual impairment were excluded. This criterion ensured consistency in outcome

definitions and to reduce the risk of misclassification.

Outcome — specific results

Death or any Neurodevelopmental Impairment (NDI)

Data on death or any NDI were available for 477 children, representing 78.71% of the total
cohort (477 out of 606). Proportion of children with death or any NDI was 65.52% in DCC and
59.83% in ICC group. The unadjusted OR was 1.28 (95% CI: 0.81-2.03); however, the

association did not attain statistical significance (p = .274); (Table 36).

Table 36. Association between DCC and Death or any NDI at 18-24 months (n =477)

Exposure Death/ NDI Death/NDI Total Odds Odds Ratio _value”
P (yes), n (%) (no), n (%) n (%) (yes/mo)  (95% CI) p
DCC 76 (65.52) 40 (34.48) 116 (100) 1.9 108
081-2.03) 2
ICC 216(59.83)  145(40.17)  361(100) 149  (0.81-2.03)

*p-value obtained using Chi-squared test
NDI: neurodevelopmental impairment

Death or severe Neurodevelopmental Impairments (sNDI)
The data on death or severe NDI were available for 439 children, representing 72.44% of the

total cohort (439 out of 606). The proportion of death or severe NDI was lower in DCC group
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compared to ICC group (25.96% vs 29.25%). The unadjusted OR was 0.85 (95% CI: 0.49-1.42);

but the association was not statistically significant (p = .516); (Table 37).

Table 37. Association between DCC and death or severe NDI at 18-24 months (n = 439)

Death/s-NDI  Death/ s-NDI Total Odds Odds Ratio

Exposure (yes), n (%) (no), n (%) n (%) (yes/no) 95% CI) p-value
DCC 27(25.96)  77(74.04)  104(100) 035 0.85

049-142) 10
IcC 98(29.25)  237(70.75)  335(100) 041  (049-1.42)

*p-value obtained using Chi-squared test
s-NDI: severe neurodevelopmental impairment

Any Neurodevelopmental Impairments (NDI)

Data on any NDI were available for 437 children, representing 72.11% of the total cohort (437
out of 606). The proportion of children with any NDI was relatively high in the DCC group
compared to the ICC group (61.90% vs 56.33%). The unadjusted OR was 1.26 (95% CI: 0.79—

2.03), but not statistically significant (p = .313); (Table 38).

Table 38. Association between DCC and any NDI at 18-24 months (n =437)

NDI (yes) NDI (no) Total Odds Odds Ratio

Exposure n (%) n (%) n (%) (yes/no)  (95% CI) p-value
DCC 65(61.90)  40(38.10) 105(100)  1.62 196

' 313
ICC 187 (56.33)  145(43.67) 332(100) 129  (0.79-2.03)

*p-value obtained using Chi-squared test
NDI: neurodevelopmental impairment

Severe Neurodevelopmental Impairments (severe NDI)

Data on severe NDI were available for 399 children, representing 65.84% of the total cohort (399
out of 606). The proportion of children with severe NDI was lower in the DCC group compared
to the ICC group (17.20% vs 22.55%). The unadjusted OR was 0.71 (95% CI: 0.36-1.33);

however, the association was not statistically significant (p =.270); Table 39.
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Table 39. Association between DCC and severe NDI at 18-24 months (n = 399)

s-NDI (yes) s-NDI (no) Total Odds Odds Ratio

Exposure n (%) n (%) n (%) (yes/mo)  (95% Cr) ~ P-value
DCC 16 (17.20)  77(82.80) 93 (100) 0.21 071

0.36-133 270
ICC 69 (22.55) 237(77.45) 306 (100) 0.29 (0.36-1.33)

*p-value obtained using Chi-squared test
s-NDI: severe neurodevelopmental impairment

Cerebral Palsy (CP)

Cerebral palsy was considered present if a child had a GMFCS score >1. The data on CP were
available for 313 surviving children, representing 51.65% of the total cohort (313 out of 606).
The proportion of all grades CP was comparable between DCC and ICC groups (11.49% vs
14.60%). The unadjusted OR was 0.80 (95% CI: 0.32—1.68); indicating no statistically

significant difference between groups (p = .474); (Table 40).

Table 40. Association between DCC and Cerebral palsy at 18-24 months (n =313)

Exposure CP (yes) CP (no) Total Odds Odds Ratio _value®
P n (%) n (%) n (%) (yes/no) (95% CI) P
DCC 10 (11.49) 77 (88.51) 87 (100) 0.13 0.80
0 32. 1.68 474
ICC 33 (14.60) 193 (85.40) 226 (100) 0.17 (0.32-1.68)

*p-value obtained using Chi-squared test
CP: cerebral palsy

GMFCS scores were available for 35 of the 43 children diagnosed with cerebral palsy (81.40%).
Severity was classified as mild (GMFCS 1), moderate (GMFCS 2 &3), and severe (GMFCS
4&5)(167). In the DCC group, 6 children (60%) had moderate CP, and 4 (40%) had mild CP. In
the ICC group, 3 children (12%) had severe CP, 9 (36%) had moderate CP, and 13 (52%) had
mild CP. The distribution of CP severity did not differ significantly between groups (p = .483),

Table 41.
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Table 41. Comparison of the severity of cerebral palsy between DCC and ICC groups (n=35)

DCC Group ICC Group

Severity of CP (n = 10) (n = 25) p-value”
Mild, n (%) 4 (40) 13 (52)

Moderate, n (%) 6 (60) 9 (36) 483
Severe, n (%) 0(10) 3 (12)

*p-value obtained using Chi-squared test
CP: cerebral palsy

Cognitive Delay

A delay in cognitive, motor, or language development was defined as a standardized score of
<85 (>1SD below the mean) on the respective subscale of the BSID-III, assessed at 18 to 24
months corrected age(168). Data were available for 333 children, representing 54.95% of the
total cohort (333 out of 606). The proportion of children delay in cognitive development was
similar between two groups. (20.69% vs 29.27%, p=.121). The unadjusted OR was 0.63 (95%

CI: 0.32-1.16) and the difference did not reach statistical significance, (Table 42).

Table 42. Association between DCC and Cognitive Delay at 18-24 months (n = 333)

Exposure CD (yes) CD (no) Total Odds Odds Ratio _value®
P n (%) n (%) n (%) (yes/no) (95% CI) P
DCC 18 (20.69) 69 (79.31) 87 (100) 0.26 0.63
' 121
ICC 72(29.27) 174 (70.73) 246 (100) 0.41 (0.32-1.16)

*p-value obtained using Chi-squared test
CD: cognitive delay

Motor Delay

Data on motor delay were available for 330 children, representing 54.46% of the total cohort

(330 out of 606). The proportion for motor delay was 38.64% in the DCC group and 32.23% in
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the ICC group. The unadjusted OR was 1.32 (95% CI: 0.77-2.26); however, the association was

not statistically significant (p =.277); (Table 43).

Table 43. Association between DCC and Motor Delay at 18-24 months (n = 330)

Exposure Motor Delay Motor Delay Total Odds Odds Ratio p-
P (yes), n (%) (no), n (%) n (%) (yes/no) (95% CI)  value”
DCC 34 (38.64) 54 (61.36) 88 (100) 0.63 1.32
0.77226) 277
ICC 78 (32.23) 164 (67.77) 242 (100) 048  (0.77-2.26)

*p-value obtained using Chi-squared test

Language Delay

Data on language delay were available for 381 children, representing 62.87% of the total cohort
(381 out of 606). The proportion were similar between the two groups, 47.78% in the DCC

group vs. 45.70% in the ICC group. The unadjusted OR was 1.09 (95% CI: 0.66—1.79); however,

the association was not statistically significant (p =.730); (Table 44).

Table 44. Association between DCC and Language Delay at 18-24 months (n = 381)

Exposure Language Delay ~ Language Delay  Total Odds  Odds Ratio  p-

(yes), n (%) (no), n (%) n (%) (yes/mo)  (95% CI) value®
DCC 43 (47.78) 47 (52.22) 90 (100) 0.91 1.09
0.66-1.79) 30
ICC 133 (45.70) 158 (54.30) 291 (100) 0.84 (0.66-1.79)

*p-value obtained using Chi-squared test

Hearing Impairment

Hearing impairment in the study was defined as unilateral / bilateral sensorineural hearing loss or
auditory neuropathy, whether or not amplification or cochlear implants were required. The data
were available for 282 children, representing 46.53% of the total cohort (282 out of 606). The
proportion was significantly different between groups (0% vs 7.80%, p = .012). Estimation of

odds ratio was not possible due to the lack of observed outcomes in the DCC group, (Table 45).
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Table 45. Association between DCC and Hearing Impairment at 18-24 months (n = 282)

Exposure HI (yes) HI (no) Total Odds Odds Ratio _value*
P n (%) n (%) n (%) (ves/mo)  (95% CI) p
DCC 0 (0) 77 (100) 77 (100) 0 |
N/A 012’
ICC 16 (7.80)  189(92.20) 205 (100) 0.08

*p-value obtained using Fisher’s Exact test
Indicates statistical significance
HI: hearing impairment

Visual Impairment

Visual impairment in the study defined as corrected visual acuity of >20/60 in the better eye, or
unilateral / bilateral blindness. The proportion of visual impairment was lower in the DCC group
compared to the ICC group (1.28% vs 7.11%). The unadjusted odds ratio was 0.17 (95% CI:

0.01-1.14), however, the association was not statistically significant (p = .054); (Table 46).

Table 46. Association between DCC and Visual Impairment at 18-24 months (n = 289)

Exposure VI (yes) VI (no) Total Odds Odds Ratio _value*
P n (%) n (%) n(%) (yesmo) (95%CI P
DCC 1(128)  77(98.72) 78 (100) 0.01 017
0.01-1.14 054
ICC 15(7.11) 196 (92.89) 211 (100)  0.08  (0.01-1.14)

*p-value obtained using Fisher’s Exact test
VI: visual impairment

Growth

Growth was assessed using the World Health Organization (WHO) growth standards(161).
Weight (kg), height (cm), and head circumference (cm) measured at the 18-24-month follow-up
were used to calculate z-scores to reflect a child’s growth pattern. Poor growth was defined as
any of these parameters falling below —2 z-scores according to WHO criteria (161, 169). To

isolate the effect of DCC versus ICC exposure on small for gestational age (SGA) and
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appropriate for gestational age (AGA) groups; the study cohort was stratified accordingly. Data
were available for 35 children in the SGA and 449 children AGA cohort. For each subgroup, a
two-sided independent t-tests were conducted to compare mean z-scores. None of the parameters

fell below —2 z-scores and no statistically significant differences were observed; (Table 47).

Table 47. Comparison of Growth at 18-24 months

Growth SGA-DCC  SGA-ICC _value AGA-DCC AGA-ICC _value
Parameter (n=12) m=23 P (n=121) m=328) P
Weight z-

-1.71 -1.51 -0.44 -0.36
score, mean .619 484
(SD) (1.17) (1.05) (0.94) (1.13)
Height z-

-1.31 -1.60 -0.53 -0.56
score, mean 520 788
(SD) (1.38) (1.21) (1.01) (1.25)
Head
circumference -0.77 -0.85 853 0.22 -0.19 333
Z-score, mean (1.07) (1.11) ' (1.04) (1.27) '
(SD)

*p-value obtained by two-sided t-test
DCC: deferred cord clamping; ICC: immediate cord clamping

Outcomes at 36 Months

Maternal and Neonatal Baseline Characteristics

The table below, (Table 48) presents the comparison of maternal and neonatal baseline

characteristics of the preterm infants who received DCC or ICC and were evaluated at 36

months.

Table 48. Maternal and neonatal baseline characteristics of infants received DCC and ICC at 36
months corrected age (N=521)

Maternal and Neonatal DCC Group ICC Group pvalue
Characteristics (n =145) (n =376)

Mothers’ age in years, median (IQR) 33 (28-37) 30 (26-33) <.001"
Completed high school 101/115 (87.83) 293/338 (86.69) 154
PIH 30/145 (20.69) 46/279 (16.49) 285
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Gestational Diabetes 11/145 (7.59) 15/279 (5.38) 368
Chorioamnionitis 29/145 (20) 92/355 (25.92) 161
C-section 76/145 (52.41) 222/376 (59.04) 171
ANCS 136/145 (93.79) 320/374 (85.56) 010
Maternal Antibiotics 101/145 (69.66) 232/371 (62.53) 129
Multiparous 71/145 (48.97) 163/365 (44.66) 378
Multiple Birth 39/145 (26.90) 126/376 (33.51) 146
PROM 42/145 (28.97) 107/372 (28.76) 964
Smoking 12/145 (8.28) 82/373 (21.98) <.001"
Alcohol use 8/145 (5.52) 19/373 (5.09) .846
Material Deprivation Quintiles

Quintilel (most privileged) 24/138 (17.39) 51/336 (15.18)

Quintile 2 27/138 (19.57) 63/336 (18.75) o4

Quintile 3 29/138 (21.01) 61/336 (18.15)

Quintile 4 16/138 (11.59) 71/336 (21.13)

Quintile 5 (most deprived) 42/138 (30.44) 90/336 (26.79)
Social Deprivation Quintiles

Quintile1(most privileged) 24/138 (17.39) 56/336 (16.67)

Quintile2 31/138 (22.46) 54/336 (16.07) 958

Quintile3 28/138 (20.30) 62/336 (18.45)

Quintile4 31/138 (22.46) 78/336 (23.21)

Quintile5 (most deprived) 24/138 (17.39) 86/336 (25.60)
GA in weeks, median (IQR) 27 (26-38) 26 (25-28) 049
Birth weight in grams, median (IQR) 850 (700-1050) 800 (700-1020) 201
Male sex 79/145 (54.48) 212/376 (56.38) .695
SGA 16/145 (11.03) 27/376 (7.18) 152
Apgar score at 5 minutes <7 44/145 (30.34) 125/371 (33.69) 466

*Mann-Whitney test for continuous variables and Chi-squared test for categorical variables.

? Indicates statistical significance

Data for categorical variables are expressed as n/N (%) and for continuous variables are expressed as median
(IQR)unless specified otherwise

The variables have different denominators because not all variables had all data available
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ANCS: antenatal corticosteroids; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
ICC: immediate cord clamping; PIH: pregnancy induced hypertension; PROM: prolonged rupture of the membrane;
SGA: small for gestational age (<10th percentile)

Mothers in the DCC group were older, more likely to have received ANCS, and reported lower
rates of smoking. Additionally, preterm infants in the DCC group were born at a slightly higher

gestational age than those in the ICC group.

Assessment of Lost to follow-up Infants at 36 months

A total of 46 children were lost to follow-up by 36 months, including 8 from the DCC group and
38 from the ICC group. There was no statistically significant difference in the proportion of

infants lost to follow-up between groups (5.23% vs. 9.18%, p =.273).

A comparative analysis of baseline maternal and neonatal characteristics, along with short-term
neonatal morbidities, was conducted between children who completed follow-up and those lost
to follow-up at 36 months corrected age. This analysis was performed separately for the DCC

and ICC cohorts, (Table 49).

Table 49. Comparison between Evaluated and Lost to Follow-Up in DCC and ICC Cohort

DCC ICC
(N=153) (N=414)
Demographic Characteristics Evaluated Lost Follow-up Evaluated Lost Follow-up
and Short-term outcomes (n=145) (n=238) (n=376) (n=38)
Maternal age in years, 33 28 30 27
median (IQR) (28-38) (21-36) (27-34) (23-35)
Completed high school 103/117 4/6 293/338 24/30
(88.03) (66.67) (86.69) (80)
PIH 31/145 1/8 46/279° 10/29
(21.38) (12.50) (16.49) (34.48)
Gestational diabetes 11/145 2/8 15/279 1/29
(7.58) (25) (5.38) (3.45)
Chorioamnionitis 29/145° 5/8 92/355 8/37
(20) (62.5) (25.91) (21.62)
C-section 76/145 5/8 222/376 21/38
(52.41) (62.5) (59.04) (55.26)
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ANCS

Maternal antibiotics
Multiparous
Multiple Birth
PROM

Smoking

Alcohol use

Material deprivation Quintiles

Quintilel

(most privileged)

Quintile2
Quintile3
Quintile4

Quintile5

(most deprived)
Social deprivation Quintiles

Quintilel

(most privileged)

Quintile2
Quintile3
Quintile4

Quintile5

(most deprived)

GA, weeks,

median (IQR)

Birth weight, grams,
median (IQR)

Male

SGA

136/145
(93.79)
100/145
(68.96)
71/145
(48.96)
38/145
(26.21)
41/145"
(28.27)
14/145
(9.65)
8/145
(5.52)

24/138
(17.39)

28/138
(20.29)
29/138
(21.01)
15/138
(10.87)
42/138
(30.44)

24/138
(17.30)

30/138
(21.74)
28/138
(20.29)
31/138
(22.46)
25/138
(18.11)

27
(26-28)
900

(710-1050)
79/145
(54.48)
16/145

8/8
(100)
7/8
(87.5)
2/8
(25)
4/8
(50)
5/8
(62.5)
0/8
0)
0/8

(0)

0/8
(0)

3/8
(37.50)
0/8
0)
0/8
0)
5/8
(62.50)

0/8
(0)

3/8
(37.50)
1/8
(12.50)
3/8
(37.50)
1/8
(12.50)
27
(27-28)
990
(790-1050)
5/8
(62.5)
1/8

320/374
(85.56)
232/371°
(62.53)
163/365
(44.66)
126/376'
(33.51)
105/372"
(28.23)
83/373
(22.25)
18/373
(4.83)

52/338
(15.38)

63/338
(18.64)
61/338
(18.05)
72/338
(21.30)
90/338
(26.63)

56/338
(16.57)

54/338
(15.98)
62/338
(18.34)
79/338
(23.37)
87/338
(25.74)
26
(25-28)
850
(700-1200)
212/376'
(56.38)
27/376

30/38
(78.95)
15/38
(39.47)
16/34
(47.06)
6/38
(15.79)
3/38
(7.89)
11/38
(28.95)
3/37
(8.11)

5/34
(14.71)

4/34
(11.76)
6/34
(17.65)
8/34
(23.53)
11/34
(32.35)

4/34
(11.76)

5/34
(14.71)
7/34
(20.59)
12/34
(35.29)
6/34
(17.65)
26
(25-28)
850
(700-1300)
12/38
(31.58)
0/38

101



(11.03) (12.50) (7.18) (0)

Apgar at 5 minutes <7 44/145 1/8 125/371 14/38
(30.34) (12.50) (33.69) (36.84)
RDS 131/145 7/8 357/375 33/38
(90.34) (87.50) (95.20) (86.84)
BPD 75/141 5/8 208/343 18/32
(53.19) (62.50) (60.64) (56.25)
PDA 82/145 7/8 252/374 25/38
(56.55) (87.50) (66.84) (65.79)
Surg. treated PDA 10/145° 3/8 80/374 6/38
(6.90) (37.5) (21.39) (15.79)
Sepsis 16/145 1/8 100/375 6/38
(11.03) (12.50) (26.67) (15.79)
IVH 46/145 1/8 118/375 9/38
(31.72) (12.50) (31.47) (23.68)
Severe IVH 24/145 0/8 48/375 2/38
(16.55) (0) (12.80) (5.26)
PVL 4/145 0/8 14/374 2/38
(2.76) (0) (3.74) (5.26)
SNI 24/145 0/8 46/375 2/38
(16.55) (0) (12.27) (5.26)
NEC, stage > 11 11/145 1/8 43/376 5/38
(7.59) (12.50) (11.44) (13.16)
ROP 101/134 7/8 235/314 24/31
(75.37) (87.50) (74.84) (77.42)
Severe ROP 11/134 0/8 90/314 6/31
(8.21) (0) (28.66) (19.35)
Discharge home on oxygen 73/143 4/8 274/371 29/37
(51.05) (50) (73.85) (78.38)
Number of transfusions, 0 0.5 3 2
median (IQR) (0-1) (0-1.75) (0-5) (0-4)
Total ventilation,days, 4 5 3 3
median (IQR) (0-10) (1-25) (0-17) (0-12)
Non-invasive resp. support, 50 60 20 22
Days, median (IQR) (30-60) (45-70) (12-39) (12-40)
Total suppl. Oxygen, days 75 75 150 140
median (IQR) (40-90) (50-100) (100-250) (100-180)
NICU stay, days, 85 110 80 70
median (IQR) (75-120) (80-135) (65-105) (60-95)

* Mann-Whitney U test for continuous variables which are not normally distributed, Chi-squared test for categorical
variables and Fisher’s exact test when the cell count <5

# Indicates statistical significance

Data for categorical variables are expressed as n/N (%) and for continuous variables are expressed as median
(IQR)unless specified otherwise

The variables have different denominators because not all variables had all data available

ANCS: antenatal corticosteroids; BPD: bronchopulmonary dysplasia; C-section: caesarean section; DCC: deferred cord
clamping; GA: gestational age; ICC: immediate cord clamping; [IVH: intraventricular haemorrhage; NEC: necrotising
enterocolitis; PDA: patent ductus arteriosus; PIH: pregnancy induced hypertension; PROM: prolonged rupture of the
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membrane; PVL: periventricular leukomalacia; RDS: respiratory distress syndrome; ROP: retinopathy of prematurity;
SNI: severe neurological injury
OR: odds ratio

In the DCC cohort, the group that completed follow-up had significantly lower incidences of
maternal chorioamnionitis, PROM and PDA ligation compared to those lost to follow-up. In the
ICC cohort, evaluated group had lower rates of maternal PIH, while the incidence of multiple
births, PROM, and maternal antibiotic use was significantly higher compared to the lost to
follow-up group. Furthermore, children in the evaluated group were more likely to be male and
developed RDS during the early neonatal period with these differences reaching statistical

significance.

Outcomes-specific results

Death or any Neurodevelopmental Impairments (NDIs)

The data on death or any NDIs were available for 431children, representing 76.01% of the total
cohort (431 out of 567). Proportion of children with death or any NDI was higher in the DCC
group compared to the ICC group (53.54% vs 38.55%). The unadjusted odds ratio was 1.84

(95% CI: 1.14-2.96) and the association reached statistical significance (p = .008); (Table 50).

Table 50. Association between DCC and death or any NDI at 36 months (n =431)

Death/ NDI Death/NDI Total Odds Odds Ratio p-

EXPOSUre (v, n(%)  (no),n(%) n(%) (vesino) (95%CI) value
DCC 53 (53.54) 46 (46.46)  99(100)  1.15 1.84 -
ICC 128 (38.55) 204 (61.45) 332(100) 063  (1.14-2.96)

*p-value obtained using Chi-squared test
Ve 1ed .
Indicates statistical significance

NDI: neurodevelopmental impairment
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Death or severe Neurodevelopmental Impairments (s-NDlIs)

Data were available for 419 children, representing 73.90% of the total cohort (419 out of 567).
The proportion of death or severe-NDI was 20% in the DCC and 20.68% in the ICC group. The
unadjusted odds ratio was 0.96 (95% CI: 0.51-1.74); indicating not statistically significant (p =

.885); (Table 51).

Table 51. Association between DCC and Death or s-NDI at 36 months (n = 419)

Death/ s-NDI Death/ s-NDI Total Odds Odds Ratio

Exposure (yes),n (%)  (no), n (%) n (%) (yes/mo) (95% CI) p-value
DCC 19 (20) 76 (80) 95(100)  0.25 0.96 -
ICC 67 (20.68) 257(79.32)  324(100) 026  (0.51-1.74) '

*p-value obtained using Chi-squared test
sNDI: severe neurodevelopmental impairment

Any Neurodevelopmental Impairments (NDlIs)

Data on any NDI were available for 390 surviving children, 68.78% of the total cohort (390 out
of 567). The proportion of children with NDI was relatively higher in the DCC group compared
to the ICC group (47.73% vs 32.45%). The unadjusted odds ratio was 1.90 (95% CI: 1.14-3.17);

and the association was statistically significant (p =.009); (Table 52).

Table 52. Association between DCC and any NDI at 36 months (n = 390)

Exposure NDI (yes) NDI (no) Total Odds Odds Ratio —value*
P n (%) n (%) n (%) (ves/no)  (95% CI) P
DCC 42 (47.73) 46 (51.69) 88 (100) 0.91 1.90 |
1.14-3.17 009
1CC 98 (32.45) 204 (67.55) 302 (100) 0.48 (1.14-3.17)

.*;[)-Value obtained using Chi-squared test
?Indicates statistical significance

NDI: neurodevelopmental impairment
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Severe Neurodevelopmental Impairments (s-NDIs)

Data on severe NDI were available for 378 surviving children, representing 66.67% of the total
cohort (378 out of 567). The proportion of severe NDI was relatively low in the DCC group than
ICC (9.52% vs 12.59%). The unadjusted OR was 0.73 (95% CI: 0.28-1.68); however, the

association was not statistically significant (p = .445); (Table 53).

Table 53. Association between DCC and severe NDI at 36 months (n = 378)

Exbosure s-NDI (yes) s-NDI (no) Total Odds Odds Ratio _value®
P n (%) n (%) n(%) (yesmo)  (95%cCr P
DCC 8 (9.52) 76 (90.48) 84 (100) 0.11 073
0.28-1.68 445
ICC 37(12.59)  257(87.41) 294(100)  0.14 (0.28-1.68)

*p-value obtained using Chi-squared test
s-NDI: severe neurodevelopmental impairment

Cerebral Palsy (CP)

Data were available for 377 surviving children, representing 66.49% of the total cohort (377 out
of 567). The proportion of children diagnosed with CP of any grade was lower in DCC group
compared to the ICC group (8.91% vs 10.87%). The unadjusted odds ratio was 0.80 (95% CI:

0.32-1.82) and the association was statistically significant (p=.580); (Table 54).

Table 54. Association between DCC and Cerebral palsy at 36 months (n = 377)

CP (yes) CP (no) Total Odds Odds Ratio

Exposure n (%) n (%) n(%) (yesmo) (95%cry ~Pvalue
DCC 9 (8.91) 92 (91.09) 101 (100)  0.10 0.80

032-182) 80
ICC 30 (10.87)  246(89.13)  276(100)  0.12  (032-1.82)

*p-value obtained using Chi-squared test
CP: cerebral palsy

Table 55 compares severity of CP between the DCC and ICC groups. Among the 39 children

diagnosed with CP, GMFCS data were available for 35 of them (89.74%). In the DCC, 2 children
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(22.22%) had moderate and 7 (77.78%) had mild CP. In the ICC group, 4 children (15.38%) had
severe, 10 (38.46%) had moderate CP and 12 (46.15%) had mild CP. The difference in CP

severity between the groups was not statistically significant (p = .380).

Table 55. Comparison of the severity of cerebral palsy between DCC and ICC groups (n=35)

Severity of CP DC((; =G;())up IC(S f;g;l P p-value®
Mild, n (%) 7 (77.78) 12 (46.15)

Moderate, n (%) 2 (22.22) 10(38.46) .380
Severe, n (%) 0 (0) 4(15.39)

*p-value obtained using Chi-squared test
CP: cerebral palsy

Cognitive Delay

The data on cognitive delay were available for 352 surviving children, representing 62.08% of
the total cohort (352 out of 567 children). The proportion of children with cognitive delay was
significantly higher in the DCC group compared to the ICC group (44.58% vs 23.79%, p=.001).
The unadjusted odds ratio was 2.58 (95% CI: 1.48—4.45); indicating a statistically significant

association (p = .001); (Table 56).

Table 56. Association between DCC and Cognitive Delay at 36 months (n = 352)

CD (yes) CD (no) Total Odds Odds Ratio

Exposure n (%) n (%) n(%)  (yesmo)  (95% cry ~ P-value
DCC 37 (44.58) 46 (55.42) 83 (100) 0.80 5 58 a

' 001
ICC 64 (23.79) 205 (76.21) 269 (100) 0.24 (1.48-4.45)

*p-value obtained using Chi-squared test
? Indicates statistical significance
CD: cognitive delay
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Hearing Impairment

Data on hearing impairment were available for 351 children, representing 61.90% of the total
cohort (351 out of 567 children). The proportion of children with hearing impairment differed
significantly between the DCC and ICC groups (0% vs 6.15%, p=.015). Due to the absence of
any cases of hearing impairment in the DCC group, an odds ratio could not be calculated; (Table

57).

Table 57. Association between DCC and hearing impairment at 36 months (n =351)

Exposure HI (yes) HI (no) Total Odds Odds Ratio _value*
P n (%) n (%) n(%) (yesno)  (95% CI) p
DCC 0(0) 91 (100) 91 (100) 0 .
N/A .015
ICC 16 (6.15) 244 (93.85) 260 (100) 0.07

§E)-value obtained using Fisher’s exact test
* Indicates statistical significance

HI: hearing impairment

Visual Impairment

Data on visual impairment were available for 358 children, representing 63.14% of the total
cohort (358 out of 567). The proportion of visual impairment was 3.23% in the DCC and 6.42%
in the ICC group. The unadjusted odds ratio was 0.49 (95% CI: 0.09—1.74), however, the

association did not reach statistical significance (p = .249); (Table 58).

Table 58. Association between DCC and visual Impairment at 36 months (n = 358)

Exposure VI (yes) VI (no) Total Odds Odds Ratio _value®
P n (%) n (%) n (%) (yes/no) (95% CI) p
DCC 3(3.23)  90(96.77)  93(100)  0.03 0.49
0.09-1.74 249
ICC 17(6.42) 248 (93.58) 265 (100)  0.07 (0.09-1.74)

i/p-va_lue obtained using Fisher’s exact test
I: visual impairment
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Growth

Anthropometric measurements—weight, height, and head circumference were available for 33
children for SGA and 383 children classified as AGA. Two-sided independent t-tests were
conducted to compare mean z-scores of growth parameters between the DCC and ICC groups.
None of these parameters fell below —2 z-scores and no statistically significant differences were
observed with DCC and ICC exposure, in either the SGA or AGA groups. These findings are

1llustrated in Table 59.

Table 59. Comparison of Growth at 36 months corrected age

Growth SGA-DCC SGA-ICC p- AGA-DCC AGA-ICC _value

Parameter (n=10) (n=23) value (n=96) (n=287) p

Weight z-

score, mean -1.26 -1.24 962  -0.44(1.02) -0.25(1.34) 213
(0.92) (0.90)

(SD)

Height z- 0.92

score, mean ; -1.04 (0.99) J71 0 -0.35(0.98) -0.32(1.22) .848
(1.24)

(SD)

Head

circumference -0.63 -1.13

2-score, mean (1.21) (0.77) 177 0 -0.04 (1.21) -0.03 (0.77) 945

SD)

(
]*)p-value obtained by two-sided t-test ] ]
C: deferred cord clamping; ICC: immediate cord clamping

Effect modification and confounding

Stratified Analysis

Stratified analyses were conducted to evaluate the influence of various maternal and neonatal
factors as potential effect modifiers or confounders in the relationship between DCC and
neurodevelopmental outcomes. Within each stratum of the third variable, odds ratios for the
association between DCC exposure and neurodevelopmental outcomes were calculated. To

assess whether the odds ratios differed significantly across strata, a test of homogeneity was
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applied under the null hypothesis of equal odds ratios. A Wald test p-value < .05 indicated that
the third variable acted as an effect modifier. If the homogeneity test was not significant, the
crude odds ratio was compared with the Mantel-Haenszel (M-H) adjusted odds ratio to evaluate
potential confounding. A difference of 10% or more between the crude and the Mantel-Haenszel
(M-H) adjusted odds ratio was considered as a quantitative threshold to identify potential

confounding (141), alongside consideration of the clinical relevance of the observed difference.

For maternal age and gestational age at birth, which were treated as continuous variable, box
plots were generated against cord clamping status (DCC vs. ICC) as the primary grouping
variable and death or neurodevelopmental impairments (NDIs) as a subgroup. Similar
distributions of box plots across groups were interpreted as no effect modification or
confounding. Conversely, noticeable differences in the box plots among the groups were

considered indicative of potential effect modification or confounding.

To assess potential effect modification or confounding by birth weight and socioeconomic status,
variables, birth weight, material and social deprivation quintiles were categorized. Birth weight
was dichotomized at 870 grams, corresponding to the median birth weight of the study
population. Material and social deprivation were grouped into two categories: quintiles 4 and 5
were classified as "deprived," while quintiles 1 to 3 were considered "not deprived." Stratified
analyses based on these classifications were conducted to examine their potential influence on
the relationship between DCC and long-term outcomes assessed at 18—24 months and 36 months

corrected age.
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This section presents the results of the stratified analyses conducted to assess the potential role of
various maternal and neonatal factors as effect modifiers or confounders in the relationship

between DCC and death or any NDIs at 18-24 and 36 months corrected age.

DCC and Death or any NDI at 18-24 months

The stratified analyses assessing the impact of maternal and neonatal characteristics between
DCC and the composite outcome of death or any NDI, identified SGA and social deprivation as
effect modifiers. The association was notably stronger among children who were SGA compared
to those who were not. For variables where the homogeneity tests were not significant, the
differences between crude and adjusted ORs were not found large enough to be considered them

as confounding factors. These findings are presented in Tables 60 — 63 and Figures 14-15).

Table 60. Effect of various maternal and neonatal characteristics on the association between
DCC and death or any NDI at 18-24 months (n = 477)

Variables Absent Present Test of Homogensity
OR (95% CI) OR (95% CI) (M-H) p-value
Completion of high school 0.72 (0.17-3.37) 1.27 (0.75-2.19) 402
PIH 1.23 (0.73-2.11) 1.89 (0.58—-6.47) 478
Gestational diabetes 1.49 (0.90-2.48) 0.42 (0.06-2.97) 154
Chorioamnionitis 1.24 (0.73-2.09) 1.69 (0.57-5.69) 582
C-section 1.77 (0.85-3.83) 0.99 (0.54-1.85) 201
ANCS 0.61 (0.1-4.44) 1.43 (0.89-2.34) 299
Maternal Antibiotic 1.24 (0.53-3.02) 1.27 (0.73-2.24) 969
Multiparous 1.10 (0.59-2.08) 1.54 (0.76-3.20) 451
Multiple Birth 1.20 (0.70-2.09) 1.55(0.62—4.14) .620
PROM 1.11 (0.65-1.92) 1.88 (0.74-5.09) 302
Smoking 1.25(0.77-2.05)  2.51(0.47-25.19) 412
Alcohol 1.31(0.82-2.12) 0.56 (0.05-8.49) 422
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Male
SGA

Apgar score <7

1.25 (0.63-2.51)
1.04 (0.65-1.70)
1.17 (0.68-2.02)

1.30 (0.69-2.52)
11 (1.24-504.28)
2.07 (0.76-6.58)

*p-value obtained by Wald test
? Indicates statistical significance

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; ICC: immediate cord
clamping; PIH: pregnancy induced hypertension; PROM: premature rupture of the membrane; SGA: small for

gestational age (<10th percentile)
OR: odds ratio

Table 61. Comparison between crude and adjusted odds ratio at 18-24 months (n=477)

Variables Crude OR M-H Combined Difference (%)
95% CI) OR (95% CI)  (Crude and AOR)

Completion of high school 1.19 (0.72-1.96) 1.18 (0.74-1.89) 0.84

PIH 1.33 (0.83-2.15) 1.33 (0.85-2.10) 0
Gestational diabetes 1.33 (0.83-2.15) 1.35(0.86-2.13) 1.5
Chorioamnionitis 1.29 (0.82-2.06) 1.32 (0.85-2.05) 2.3
C-section 1.28 (0.81-2.03) 1.27 (0.82—-1.96) 0.78
ANCS 1.28 (0.81-2.04) 1.34 (0.87-2.08) 4.69
Maternal Antibiotic 1.28 (0.81-2.05) 1.26 (0.81-1.96) 1.56
Multiparous 1.28 (0.81-2.04) 1.28 (0.83—1.98) 0
Multiple Birth 1.28 (0.81-2.03) 1.29 (0.83-2) 0.78
PROM 1.28 (0.81-2.05) 1.28(0.83-1.98) 0
Smoking 1.28 (0.81-2.04) 1.33 (0.86-2.08) 3.91
Alcohol 1.28 (0.81-2.04) 1.27 (0.82—-1.97) 0.78
Male 1.28 (0.81-2.03) 1.28 (0.82—-1.98) 0

Apgar score at 5 min <7 1.29 (0.82-2.06) 1.35 (0.86-2.10) 4.65

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; ICC: immediate cord
clamping; PIH: pregnancy induced hypertension; PROM: premature rupture of the membrane
AOR: adjusted odds ratio

Table 62. Assessment of effect modification by categorized birth weight, material and social
deprivation between DCC and death or any NDI at 18-24 months (n =477)

Variables Absent Present Test of homogeneity
(n=477) OR (95% CI) OR (95% CI) (M-H) p-value
Birth weight (>870 gram) 1.23 (0.62-2.54) 1.37(0.72-2.62) 814
Materially deprived 1.72(0.91-3.28)  0.82(0.39-1.78) 117
(ref=1,2,3)

Socially deprived 1.86 (0.87-2.75) 0.72 (0.34-1.54) 043"
(ref=1,2,3)

.*;[)-Value obtained by Wald test
* Indicates statistical significance
OR: odds ratio
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Table 63. Assessment of Confounding factors by categorized birth weight and material
deprivation between DCC and Death or any NDI at 18-24 months (n =477)

Variables Crude M-H combined Difference (%)
(n=477) OR (95% CI) OR (95% CI) crude and AOR
Birth weight (=870 gram) 1.28 (0.81-2.03) 1.30 (0.84-2.03) 1.56
Materially deprived

(ref=1.2.3) 1.23 (0.77-1.99) 1.27 (0.81-1.99) 3.25

AOR: adjusted odds ratio

DCC ICC
50 1 o
[ ]

40 —— -
0
®
4]
=
o)
2 30-
©
c
2
®©
=

20

. !
[N S [ ]
104
No death/any NDI Death/any NDI No death/any NDI Death/any NDI

Figure 14. Comparison of box plots of maternal age in death or any NDI between groups at 18-
24 months.
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Figure 15. Comparison of box plots of gestational age in death or any NDI between groups at
18-24 months.

DCC and Death or any NDI at 36 months

Stratified analyses examining the influence of maternal and neonatal characteristics, on the
association between DCC and the composite outcome of death or any NDI at 36 months revealed
gestational diabetes as an effect modifier. On other variables, where homogeneity tests were not
significant, the differences between the crude and Mantel-Haenszel adjusted odds ratios were not
found substantial enough to be considered them as confounding factors. These findings are

presented in (Tables 64 — 67 and Figures 16-17).
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Table 64. Effect of various maternal and neonatal characteristics on the association between
DCC and death or any NDI at 36 months (n =431)

Variables Absent Present Test of Homogengity
OR (95% CI) OR (95% CI) (M-H) p-value
Completion of high school ~ 1.27 (0.19-9.73) 1.89 (1.05-3.35) .649
PIH 1.38 (0.79-2.39) 4.11 (1.07-17.37) .104
Gestational diabetes 2.04 (1.21-3.43) 0.06 (0.001-0.97) .006’
Chorioamnionitis 2.05 (1.17-3.58) 1.71 (0.59-5.21) 744
C-section 1.46 (0.71-2.99) 2.15(1.104.21) 402
ANCS 4.22 (0.44-204.22) 1.95 (1.18-3.23) 499
Maternal Antibiotic 4.19 (1.51-12.70) 1.41 (0.80-2.50) .050
Multiparous 2.55(1.27-5.16) 1.31 (0.65-2.62) 153
Multiple Birth 1.69 (0.95-2.98) 2.28 (0.88-6.01) .559
PROM 1.87 (1.04-3.37) 1.91 (0.78-4.63) 965
Smoking 1.87 (1.12-3.11) 1.62 (0.20-12.85) 872
Alcohol 1.91 (1.17-3.11) 1.60 (0.07-106.02) .896
Male 1.25 (0.59-2.59) 2.57 (1.32-5.09) 124
SGA 1.55(0.92-2.58) 6.42 (1.14-44.21) .085
Apgar score at 5 min <7 2.02 (1.08-3.76) 1.54 (0.69-3.52) 576

*p-value obtained by Wald test

? Indicates statistical significance

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; ICC: immediate cord
clamping PIH: pregnancy induced hypertension, PROM: premature rupture of the membrane, SGA = small for
gestational age (<10th percentile)

OR: odds ratio

Table 65. Comparison between crude and adjusted odds ratio at 36 months (n =431)

Variables Crude OR M-H Combined OR Difference (%)
(95% CI) (95% CI) (Cude and AOR)

Completion of high school 1.71 (0.99-2.93) 1.81 (1.08-3.02) 5.85

PIH 1.67 (1.02-2.75) 1.65 (1.03-2.64) 1.20

Chorioamnionitis 1.89 (1.16-3.06) 1.96 (1.24-3.12) 3.70
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C-section

ANCS

Maternal Antibiotic
Multiparous
Multiple Birth
PROM

Smoking

Alcohol

Male

SGA

Apgar score at 5 min <7

1.84 (1.14-2.96)
1.87 (1.16-3.01)
1.84 (1.14-2.97)
1.83 (1.13-2.96)
1.84 (1.14-2.96)
1.87 (1.16-3.02)
1.85 (1.15-2.99)
1.87 (1.15-2.99)
1.84 (1.14-2.96)
1.84 (1.14-2.96)
1.87 (1.16-3.02)

1.79 (1.14-2.81)
2.05 (1.29-3.25)
1.87 (1.19-2.96)
1.82 (1.16-2.86)
1.83 (1.16-2.88)
1.88 (1.19-2.97)
1.85 (1.17-2.93)
1.89 (1.20-2.98)
1.85 (1.18-2.91)
1.78 (1.13-2.81)
1.82 (1.15-2.88)

2.72
9.63
1.63
0.55
0.54
0.535
0
1.07
.543
3.26
2.67

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; ICC: immediate cord

clamping; PIH: pregnancy induced hypertension, PROM: premature rupture of the membrane, SGA: small for

gestational age (<10th percentile)

AOR: adjusted odds ratio

Table 66. Assessment of effect modification between DCC and Death or any NDI by categorized
birth weight, material and social deprivation at 36 months (n =431)

Variables Absent Present Test of homogeneity
OR (95% CI) OR (95% CI) (M-H) p-value”

Birth weight (=870 gram) 1.98 (0.91-4.34)  1.81 (0.96-3.41) 855

Materially deprived

(ref=12.3) 1.95(0.98-3.84)  2.27 (1.02-5.28) 763

Socially deprived

(ref=1.2.3) 1.73(0.91-3.30) 2.12 (0.93-4.86) .681

*p-value obtained by Wald test
OR: odds ratio
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Table 67. Assessment of confounding factors by categorized birth weight, material and social
deprivation between DCC and Death or any NDI at 36 months (n =431)

Variables Crude M-H combined Difference (%)
OR (95% CI) OR (95% CI) (crude and AOR)
Birth weight (=870 gram) 1.84 (1.14-2.96) 1.88 (1.19-2.96) 2.17
Materially deprived
(ref=1.2.3) 1.91 (1.17-3.13) 2.08 (1.28-3.37) 8.90
Socially deprived
(ref=12.3) 1.91 (1.17-3.13) 1.87 (1.17-2.99) 2.09
AOR: adjusted odds ratio
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Figure 16. Comparison of box plots of maternal age in death or any NDI between DCC and ICC
groups at 36 months.
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Figure 17. Comparison of box plots of gestational age in death or any NDI between DCC and
ICC groups at 36 months.

Logistic Regression

Model Building

The goal of the multivariable logistic regression analysis was to develop the best fitting model to
describe the relationship between the exposure and outcomes of interest, while adjusting for

relevant maternal and neonatal predictors or explanatory variables (covariates).

Multicollinearity Assessment:

Collinearity among independent variables was assessed using matrix of correlation. Correlation
matrix is a tool indicates the correlations between each pair of explanatory variables using the
square root of R2. Values close to 1 indicates that variables were strongly associated with each
other and multicollinearity may be a problem. A correlation coefficient (r) of more than 0.6 was

considered significant. A strong positive correlation was observed between gestational age and
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birth weight (r = 0.65; p <.001). Moderate correlations were found among chorioamnionitis,
maternal antibiotic administration, and prolonged rupture of membranes (r=0.30), as well as
between maternal smoking and alcohol consumption during pregnancy (r = 0.29). A weak

negative correlation was found between maternal education and material deprivation (r = -0.15).

Choosing variables in the Model:

Variable selection was guided primarily by the magnitude of change between crude and adjusted
odds ratios, rather than relying solely on statistical significance (p-values). To ensure the
inclusion of all relevant covariates and to minimize residual confounding , a variable was
considered for inclusion in the model if it resulted in a substantial change in the effect estimate
(i.e., difference in ORs, >10%) (141) . This approach yielded more robust and reliable models
than methods based solely on statistical significance thresholds (p <.05). Additionally, variables
previously identified as confounders in the literature were given strong consideration for

inclusion in the final model.

Primarily, covariates showing a statistically significant difference (p <.05) between the DCC and
ICC groups were identified as potential confounders (170). However, to be classified as a
confounding variable, covariates had to meet specific criteria; they must be correlated with the
exposure, be a direct cause of outcome or a surrogate for a direct cause of the outcome and must
not lie on the causal pathway between exposure and outcome. Recent, research has emphasized

that a confounding variable cannot be a one that is affected by the exposure (171, 172).

Maternal age, ANCS, antibiotic use during labour, smoking in pregnancy, material deprivation
quintiles, GA and SGA were identified as potential confounders from univariate analysis based

on statistical significance (p<.05).
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From stratified analysis, using the rule of substantial change (>10%) in effect estimates, no

variables were identified as potential confounder.

In previous studies examining deferred cord clamping and neurodevelopmental impairment,
researchers have adjusted for a range of maternal and perinatal factors, including maternal
education, PIH, chorioamnionitis, multiple birth, C-section, ANCS and antibiotic use, PROM,
smoking, alcohol consumption, socioeconomic status, GA, male sex, Apgar score at 5

minutes<7, SGA (122, 173-176).

Gestational age and birth weight are the well-known predictors of neurodevelopmental outcomes
of infants born prematurely. As mentioned previously, gestational age and birth weight were
collinear. Gestational age was selected over birth weight because most neurodevelopmental
studies have used gestational age as the primary predictor of long-term neurodevelopmental
outcomes. Moreover, heavier newborns generally act more like peers of the same gestational age

than like infants with similar weights.

Collinearity was also observed among the variables chorioamnionitis, maternal antibiotic
administration, and prolonged rupture of the membrane; between smoking and alcohol
consumption during pregnancy; and between material deprivation and maternal education. Based
on expert opinion, chorioamnionitis, smoking and material deprivation were selected as

confounders for adjustment in the analysis.

Of all the covariates identified through our selection approach, the following met the definition
of confounding: maternal age, PIH, gestational diabetes, chorioamnionitis, ANCS, C-section,
multiple birth, smoking, GA, male sex, SGA, Apgar score at 5 minutes<7 and socioeconomic
status (material and social deprivation).
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Logistic regression analysis began by assessing effect modification through the inclusion of
interaction terms (exposure X covariate) for variables identified as potential effect modifiers in
the stratified analysis. Covariates with statistically significant interaction terms (p <.05) were
treated as effect modifiers. Interaction term that did not reach statistical significance, was

excluded from the final model.

The final logistic regression analysis includes all covariates that met the definition of
confounding. Each model for neurodevelopment outcomes was evaluated for goodness of fit by
using the Hosmer-Lemeshow test. As separate cohorts of infants were used for the DCC and ICC
periods, the application of this test was appropriate for evaluating model’s fit. A high p-value
suggested that the differences between the observed and predicted event rates across the groups

were not statistically significant, indicating that the model provided a good fit to the data.

Regression Analysis for 18-24 Months Follow-Up
DCC and Death or any NDI

Interaction terms between cord clamping and two potential effect modifiers, SGA and social
deprivation (ref = 1,2,3), were included in the logistic regression model following identification
through stratified analysis. However, neither interaction reached statistical significance,

therefore, both terms were excluded from the model.

The adjusted odds ratio for DCC and death or any NDI was 1.77; 95% CI: 1.04-3.02, p = .034.
The model demonstrated adequate fit to the data according to the Hosmer—Lemeshow test (p =

377).
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Table 68. Adjusted odds ratio for death or any NDI as a function of DCC at 18-24 months (n =
347)

Death or any NDI OR Std. err. Z P> | z | 95% CI

DCC 1.77 0.48 2.12 034’ 1.04-3.02
(ref =I1CC)

Maternal age 0.98 0.02 -0.78 437 0.94-1.03
PIH 0.88 0.32 -0.36 719 0.43-1.79
(ref =no PIH)

Gestational Diabetes 0.76 0.37 -0.55 .583 0.29-1.99
(ref = no gestational diabetes)

Chorioamnionitis 1.93 0.58 2.19 029 1.07-3.49
(ref = no chorioamnionitis)

C-section 1.06 0.29 0.23 816 0.63-1.80
(ref = vaginal delivery)

ANCS 0.64 0.26 -1.08 282 0.28-1.44
(ref = not received ANCS)

Multiple birth 1.37 0.30 1.46 144 0.90-2.10
(ref = singleton pregnancy)

Smoking 1.07 0.36 0.21 .832 0.55-2.09
(ref = no smoking while

pregnant)

GA 0.78 0.07 -2.76 006 0.65-0.93
Male 1.14 0.28 0.54 .586 0.71-1.84
(ref = female)

Apgar score at 5 minutes <7 2.49 0.69 3.30 .001° 1.45-4.28
(ref = Apgar score at 5

minutes>7)

SGA 3.55 1.68 2.68 007" 1.41-8.96
(ref =no SGA)

Materially deprived 1.60 0.40 1.88 .060 0.98-2.61
(ref=1,2,3)

Socially deprived 1.30 0.32 1.06 289 0.80-2.10
(ref =1, 2,3)

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Death / any NDI adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple
birth, smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation
(ref=1,2,3)

Log likelihood = - 205.82, LR chi2 (15) = 50.32, Prob>chi2: <.001
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DCC and Death or severe NDI

The adjusted odds ratio for DCC and death or severe NDI was 1.24; 95% CI: 0.67-2.29, p =
.487. The model demonstrated adequate fit to the data according to the Hosmer—Lemeshow test

(p=.063).

Table 69. Adjusted odds ratio for death or severe NDI as a function of DCC at 18-24 months (n
=321)

Death or severe NDI OR Std. err. V4 P> | z | 95% CI
DCC

(ref = ICC) 1.24 0.39 0.70 487 0.67-2.29
Maternal age 0.99 0.03 -0.17 .863 0.94-1.05
PIH 1.96 0.86 1.55 121 0.84-4.62
(ref = no PIH)

Gestational Diabetes 1.25 0.72 0.40 691 0.41-3.84
(ref = no gestational diabetes)

Chorioamnionitis 1.57 0.51 1.39 165 0.83-2.98
(ref = no chorioamnionitis)

C-section 1.06 0.33 0.20 .842 0.58-1.96
(ref = vaginal delivery)

ANCS 0.46 0.19 -1.84 .066 0.20-1.05
(ref = not received ANCS)

Multiple birth 1.49 0.36 1.67 .096 0.93-2.40
(ref = singleton pregnancy)

Smoking

(ref = no smoking while 0.80 0.32 -0.57 570 0.37-1.74
pregnant)

GA 0.68 0.07 -3.95 <.001 0.56-0.82
Male 1.90 0.55 2.22 027 1.08-3.34
(ref = female)

Apgar score at 5 minutes <7 a

(ref = Apgar score at 5 2.23 0.66 2.70 .007 1.25-3.98
minutes>7)

SGA 1.15 0.57 0.28 779 0.43-3.03
(ref =no SGA)

Materially deprived 1.07 0.31 0.25 .802 0.61-1.89
(ref=1,2,3)
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Socially deprived

(ref=1.2.3) 1.25 0.35 0.80 424 0.72-2.19

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Death / severe NDI adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS,
multiple birth, smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social
deprivation (ref=1,2,3)

Log likelihood = - 164.45, LR chi2 (15) = 44.21, Prob>chi2: .001

DCC and any NDI

The adjusted odds ratio for DCC and any NDI was 1.70; 95% CI: 0.99-2.92, p = .055. The

model demonstrated adequate fit to the data according to the Hosmer—Lemeshow test (p = .282)

Table 70. Adjusted odds ratio for any NDI as a function of DCC at 18-24 months (n = 318)

Any NDI OR Std. err. V/ P>|z|  95%CI

DCC

(ref — 1CC) 1.70 0.47 1.92 055 0.99-2.92
Maternal age 0.98 0.02 -0.73 466 0.94-1.03
PIH 0.90 0.33 -0.29 770 0.44-1.84
(ref = no PIH)

Gestational Diabetes 0.73 0.37 -0.62 532 0.27-1.96
(ref = no gestational diabetes)

Chorioamnionitis 1.98 0.61 2.22 027" 1.08-3.61

(ref = no chorioamnionitis)

C-section 1.03 0.28 0.12 .906 0.60-1.77
(ref = vaginal delivery)

ANCS 0.77 0.34 -0.58 .560 0.33-1.83
(ref = not received ANCS)

Multiple birth 1.41 0.31 1.56 120 0.92-2.16
(ref = singleton pregnancy)

Smoking

(ref = no smoking while 1.12 0.38 0.33 740 0.57-2.20
pregnant)

GA 0.84 0.08 -1.81 071 0.69-1.01
Male 1.12 0.28 0.47 .640 0.69-1.83

(ref = female)
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Apgar score at 5 minutes <7

(ref = Apgar score at 5 2.32 0.66 2.96 003" 1.33-4.06
minutes>7)

SGA 2.97 1.43 2.27 023" 1.16-7.62
(ref=no SGA)

Materially deprived 1.67 0.42 2.01 044" 1.01-2.74
(ref=1,2,3)

(Sr‘é?fllyzd%’med 136 0.34 122 223 0.83-222

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Any NDI adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple birth,
smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation
(ref=1,2,3)

Log likelihood = - 196.37, LR chi2 (15) = 39.56, Prob>chi2: .001

DCC and severe NDI

The adjusted odds ratio for DCC and severe NDI was 1.05; 95% CI: 0.51-2.13, p = .897. The

model demonstrated adequate fit to the data according to the Hosmer—Lemeshow test (p =.074)

Table 71. Adjusted odds ratio for severe NDI as a function of DCC at 18-24 months (n = 292)

Severe NDI OR  Std.err. Z P>|z| 95% CI
DCC

et = 1C0) 1.05 038  0.13 897 0.51-2.13
Maternal age 0.99 0.03 012 906 0.94-1.06
PIH 2.05 1.02 1.43 152 0.77-5.46

(ref = no PIH)
Gestational Diabetes

(ref = no gestational diabetes) 1.23 0.81 0.32 748 0.34-4.47
Chorioamnionitis 1.88 069  1.71 086 0.91-3.87
(ref = no chorioamnionitis)

C-section . 0.90 0.31 -0.31 753 0.45-1.77
(ref = vaginal delivery)

ANCS

(ref = not received ANCS) 0.64 0.33 -0.85 396 0.23-1.78
Multiple birth 192 051 246 014 1.14-3.23
(ref = singleton pregnancy)

Smoking 0.85 0.38 -0.37 713 0.35-2.03
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(ref = no smoking while

pregnant)

GA 0.79 0.09 -2.01 .045° 0.62-0.99
1(\;[;16; female) 2.12 0.71 2.23 026 1.09-4.11
Apgar score at 5 minutes <7 ,

(ref = Apgar score at 2.16 0.75 2.21 027 1.09-4.27
Sminutes>7)

(SrSfA: no SGA) 0.45 0.32 -1.14 256 0.11-1.79
?f;tf‘f‘gy;)lef’med 1.19 039 052 600 0.62-2.27
(Sr‘;?illlyzdgl)’med 1.45 048 113 260 0.76-2.78

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Severe NDI adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple birth,
smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation
(ref=1,2,3)

Log likelihood = - 130.40, LR chi2 (15) = 27.52, Prob>chi2: .025

DCC and cerebral palsy

The adjusted odds ratio for DCC and cerebral palsy was 1.06; 95% CI: 0.39-2.89, p = .908. The
Hosmer-Lemeshow test yielded a p-value of .049, indicating a statistically significant difference
between observed and expected outcomes. This suggests that the logistic regression model does

not fit the data well and its predicted probabilities may not be reliable.

Table 72. Adjusted odds ratio for CP as a function of DCC at 18-24 months (n = 226)

Cerebral Palsy OR Std. err. Z P> | z | 95% CI
DCC

(ref = ICC) 1.06 0.54 0.12 908 0.39-2.89
Maternal age 1.03 0.04 0.78 435 0.96-1.11
PIH 1.51 1.03 0.61 .545 0.40-5.75

(ref = no PIH)
Gestational Diabetes

(ref = no gestational diabetes) 1.85 1.57 0.72 469 0.35-9.77
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Chorioamnionitis

- . o 2.26 1.20 1.53 126 0.80-6.39
(ref = no chorioamnionitis)
C-section . 0.80 0.39 -0.46 644 0.31-2.07
(ref = vaginal delivery)
ANCS
(ref = not received ANCS) 0.46 0.32 -1.11 267 0.12-1.81
Multiple birth 1.29 050  0.66 507 0.61-2.76
(ref = singleton pregnancy)
Smoking
(ref = no smoking while 1.36 0.80 0.52 .602 0.43—4.32
pregnant)
GA 0.80 0.13 -1.37 170 0.58-1.10
Male
(ref = female) 2.01 0.94 1.50 134 0.81-5.02
Apgar score at 5 minutes <7 ‘
(ref = Apgar score at 5.06 2.39 343 .001" 2.01-12.78
Sminutes>7)
SGA
(ref = no SGA) 0.72 0.91 -0.26 796 0.06-8.41
Materially deprived
(ref=1.2.3) 2.37 1.01 1.84 .066 0.95-5.93
Socially deprived
(ref=1.2.3) 0.52 0.25 -1.35 178 0.20-1.35

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Cerebral palsy adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple

birth, smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation

(ref=1,2,3)

Log likelihood = - 71.92, LR chi2 (15) = 33.14, Prob>chi2: .005

DCC and cognitive delay

The adjusted odds ratio for DCC and cognitive delay was 0.89; 95% CI: 0.43—1.85; p =.764. The
Hosmer-Lemeshow test yielded a p-value of .023, indicating a statistically significant difference
between observed and expected outcomes. This suggests that the logistic regression model does

not fit the data well and its predicted probabilities may not be reliable.
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Table 73. Adjusted odds ratio for cognitive delay as a function of DCC at 18-24 months (n =
240)

Cognitive delay OR  Std.err. Z P>|z| 95% CI
DCC

(ref = 1CC) 0.89 0.33 030 764 0.43-1.85
Maternal age 0.98 0.03 -0.50 616 0.93-1.05
PIH 1.38 070 064 520  0.513.72

(ref =no PIH)
Gestational Diabetes

(ref = no gestational diabetes) 1.56 1.06 0.65 512 0.41-5.90
Chorioamnionitis 2.75 107 259 010 128591
(ref = no chorioamnionitis)

C-section . 0.97 036 008  .937 0.46-2.02
(ref = vaginal delivery)

ANCS

(ref = not received ANCS) 0.53 0.31 -1.10 272 0.17-1.65
Multiple birth 1.28 037 084 403 0.72-2.26
(ref = singleton pregnancy)

Smoking

(ref = no smoking while 0.95 0.44 -0.11 909 0.38-2.35
pregnant)

GA 0.73 0.09 -2.48 013 0.57-0.94
Male 2.12 0.75 213 033 1.06-4.24
(ref = female)

Apgar score at 5 minutes <7

(ref = Apgar score at 1.80 0.68 1.56 118 0.86-3.77
Sminutes>7)

SGA .

(ref = no SGA) 3.95 2.50 2.17 .030 1.14-13.67
Materially deprived

(ref=12.3) 1.49 0.50 1.17 243 0.76-2.89
Socially deprived

(ref=1.2.3) 1.09 0.37 0.26 794 0.56-2.11

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Cognitive delay adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple
birth, smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation
(ref=1,2,3)

Log likelihood = - 118.13, LR chi2 (15) = 33.67, Prob>chi2: .004
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DCC and motor delay

The adjusted odds ratio for DCC and motor delay was 1.86; 95% CI: 0.99-3.50, p = .054. The

Hosmer- Lemeshow test indicated that there was no significant difference between expected

frequencies and observed frequencies for the motor delay outcome, suggesting that the final

model was a good fit (p =.091).

Table 74. Adjusted odds ratio for motor delay as a function of DCC at 18-24 months (n = 245)

Motor delay OR  Std.err. Z P>|z| 95% CI
DCC

(ref = ICC) 1.86 0.60 1.93 .054 0.99-3.50
Maternal age 0.99 0.03 -0.23 821 0.94-1.05
PIH

(ref = no PIH) 0.85 0.38 -0.36 17 0.35-2.06
Gestational Diabetes

(ref = no gestational diabetes) 0.97 0.55 -0.05 .962 0.32-2.96
Chorioamnionitis 1.58 057 126 207 0.783.19
(ref = no chorioamnionitis)

C-section . 1.02 0.32 0.06 952 0.54-1.90
(ref = vaginal delivery)

ANCS

(ref = not received ANCS) 0.85 0.47 -0.29 .769 0.28-2.55
Multiple birth 1.50 039 156  .118  0.90-2.49
(ref = singleton pregnancy)

Smoking

(ref = no smoking while 1.20 0.49 0.44 .661 0.53-2.68
pregnant)

GA 0.76 0.08 -2.50 013 0.61-0.94
Male

(ref = female) 1.77 0.54 1.87 .062 0.97-3.22
Apgar score at 5 minutes <7 '

(ref = Apgar score at 2.63 0.90 2.82 005 1.34-5.15
Sminutes>7)

SGA .

(ref = no SGA) 3.80 2.20 2.31 021 1.22-11.81
Materially deprived

(ref=12.3) 1.46 0.44 1.27 206 0.81-2.63
Socially deprived

(ref=1.2.3) 1.23 0.37 0.67 501 0.68-2.22
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ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Motor delay adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple birth,
smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation
(ref=1,2,3)

Log likelihood = - 140.99, LR chi2 (15) = 35.56, Prob>chi2: .002

DCC and language delay

The adjusted odds ratio for DCC and language delay was 1.39; 95% CI: 0.78-2.49, p = .265. The
Hosmer- Lemeshow test indicated no significant difference between expected and observed
frequencies of the language delay outcome, suggesting that the final model was a good fit (p =

141).

Table 75. Adjusted odds ratio for language delay as a function of DCC at 18-24 months (n =
278)

Language delay OR Std. err. V4 P> | z | 95% CI
DCC

(ref = ICC) 1.39 0.41 1.11 265 0.78-2.49
Maternal age 0.99 0.02 -0.42 .672 0.94-1.04
PIH 1.07 042 018 85 050231

(ref = no PIH)
Gestational Diabetes

(ref = no gestational diabetes) 0.84 0.46 -0.32 747 0.29-2.45
Chorioamnionitis 2.12 070 228 023  1.11-4.03
(ref = no chorioamnionitis)

C-section . 1.14 034 044 662 0.64-2.03
(ref = vaginal delivery)

ANCS

(ref = not received ANCS) 0.64 0.29 -0.97 333 0.26-1.58
Multiple birth 1.65 038 214 032  1.04-2.60
(ref = singleton pregnancy)

Smoking

(ref = no smoking while 1.24 0.43 0.63 527 0.63-2.43
pregnant)

GA 0.84 0.08 -1.72 .086 0.69-1.02
Male 1.21 032 070  .484 0.71-2.03

(ref = female)
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Apgar score at 5 minutes <7

(ref = Apgar score at 1.95 0.58 2.26 024 1.09-3.50
Sminutes>7)

(Srflfi 10 SGA) 373 189 260 009  1.38-10.08
?feaftflf gygepmed 1.76 048 211 035  1.04-2.99
(Sr(é?illlyzdgg’med 1.26 033 089 374 075212

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Language delay adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple
birth, smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation
(ref=1,2,3)

Log likelihood = - 174.43, LR chi2 (15) = 35.55, Prob>chi2: .002

DCC and hearing impairment

The model did not fit for hearing impairment due to the absence of events in the DCC group.

DCC and visual impairment

The adjusted odds ratio for DCC and visual impairment was 0.07; 95% CI: 0.002-2.20, p = .129.
The Hosmer- Lemeshow test indicated that no significant difference between expected and

observed frequencies of visual impairment outcome, suggesting the final model was a good fit (p

= .999).

Table 76. Adjusted odds ratio for visual impairment as a function of DCC at 18-24 months
(n=194)

Visual Impairment OR Std. err. V4 P> | z | 95% CI
DCC

(ref = 1CC) .07 0.12 -1.52 129 0.002-2.20
Maternal age 1.08 0.12 0.71 477 0.87-1.33
PIH

(ref = no PIH) 13.50 24.55 1.43 153 0.38-477.41
Gestational Diabetes 10.15 21.37 1.10 271 0.16-629.24
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(ref = no gestational diabetes)

Chorioamnionitis

- . o 5.15 7.59 1.11 266 0.29-92.47
(ref = no chorioamnionitis)
C-section
(ref = vaginal delivery) 0.13 0.17 -1.54 123 0.01-1.74
Multiple birth 3.62 334 140 162 0.59-22.04
(ref = singleton pregnancy)
Smoking
(ref = no smoking while 1.06 1.35 0.04 .966 0.09-13.02
pregnant)
GA 0.25 0.14 -2.51 012 0.08-1.10
Male
(ref = female) 1.62 1.75 0.44 .657 0.81-0.74
Apgar score at 5 minutes <7 ‘
(ref = Apgar score at 12.04 12.85 2.33 020" 0.19-13.56
Sminutes>7)
SGA
(ref = no SGA) 22.48 45.32 1.54 123 1.49-97.54
Materially deprived 2.06 240 062 533 0.43-1169.48
(ref=1,2,3)
Socially deprived
(ref=1.2.3) 1.50 1.44 0.42 675 0.21-9.87

C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age; PIH: pregnancy induced
hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Visual impairment adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS,
multiple birth, smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social
deprivation (ref=1,2,3)

Log likelihood =-19.50, LR chi2 (14) = 39.79, Prob>chi2: .001

Regression Analysis for 36 Months Follow-Up
DCC and Death or any NDI

An interaction term between cord clamping and gestational diabetes was included into the
logistic regression model to evaluate potential effect modification by gestational diabetes
following identification through stratified analysis. However, this interaction did not reach

statistical significance, and was therefore, excluded from the final model for parsimony.
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The adjusted odds ratio for DCC and death or any NDI was 2.24; 95% CI: 1.23—4.09, p = .0009.
The Hosmer-Lemeshow test yielded a p-value of .036, indicating a statistically significant
difference between observed and expected outcomes. This suggests that the logistic regression

model does not fit the data well and its predicted probabilities may not be reliable.

Table 77. Adjusted odds ratio for death or any NDI as a function of DCC at 36 months (n = 279)

Death/any NDI OR Std.err.  Z P>|z] 95% CI
DCC

(ref = ICC) 2.24 0.69 2.62 .009 1.23-4.09
Maternal age 1.01 0.03 0.41 .683 0.96-1.06
PIH

(ref = no PIH) 2.45 1.04 2.11 .035 1.07-5.64
Gestational Diabetes .
(ref = no gestational diabetes) 0.67 0.42 -0.63 .529 0.20-2.31
Chorioamnionitis 2.29 078 243 015 118446
(ref = no chorioamnionitis)

C-section . 0.97 0.29 -0.10 923 0.54-1.75
(ref = vaginal delivery)

ANCS

(ref = not received ANCS) 0.47 0.23 -1.52 128 0.18-1.24
Multiple birth 1.67 052 165 099  091-3.08
(ref = singleton pregnancy)

Smoking

(ref = no smoking while 0.67 0.27 -0.99 322 0.30-1.48
pregnant)

GA 0.84 0.09 -1.66 .096 0.69-1.03
Male .

(ref = female) 1.78 0.50 2.07 .038 1.03-3.09
Apgar score at 5 minutes <7

(ref = Apgar score at 1.64 0.49 1.64 102 0.91-2.95
Sminutes>7)

SGA

(ref = no SGA) 1.28 0.66 0.48 .632 0.46-3.53
Materially deprived 2.72 076 3.56 <00 157471
(ref=1,2,3)

Socially deprived

(ref=1.2.3) 0.86 0.24 -0.52 .601 0.49-1.50

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)
# Indicates statistical significance
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Death / any NDI adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple
birth, smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation
(ref=1,2,3)

Log likelihood = - 163.92, LR chi2 (15) = 47.22, Prob>chi2: <.001

DCC and Death or severe NDI

The adjusted odds ratio for DCC and death or severe NDI was 0.61; 95% CI: 0.24—-1.54, p =
.293. The Hosmer- Lemeshow test indicated that no significant difference between expected and
observed frequencies of death or severe NDI outcome, suggesting that the final model was a

good fit (p =.508)

Table 78. Adjusted odds ratio for death or severe NDI as a function of DCC at 36 months (n =
269)

Death/severe NDI OR Std. err. Z P> | z | 95% CI
DCC

(ref = ICC) 0.61 0.29 -1.05 .293 0.24-1.54
Maternal age 1.05 0.04 1.37 172 0.98-1.13
PIH 2.92 1.70 1.84 .066 0.93-9.14

(ref = no PIH)
Gestational Diabetes

(ref = no gestational diabetes) 2.22 1.77 1.00 317 0.47-10.56
Chorioamnionitis 1.22 059 042 678 0.47-3.15
(ref = no chorioamnionitis)

C-section . 0.69 030 084 .40 0.29-1.64
(ref = vaginal delivery)

ANCS

(ref = not received ANCS) 0.74 0.49 -0.46 .642 0.20-2.68
Multiple birth 1.25 059 047 635  0.50-3.15
(ref = singleton pregnancy)

Smoking

(ref = no smoking while 0.85 0.46 -0.31 157 0.29-2.44
pregnant)

GA 0.97 0.14 -0.22 .822 0.73-1.29
Male

(ref = female) 0.72 0.29 -0.82 411 0.33-1.58
Apgar score at 5 minutes <7 3.18 1.35 2.72 006 1.38-7.30
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(ref = Apgar score at
Sminutes>7)

SGA

(ref =no SGA)
Materially deprived
(ref=1,2,3)
Socially deprived
(ref =1, 2,3)

0.26 0.29 -1.20 228 0.03-2.33

2.08 0.87 1.75 .079 0.92-4.71

1.50 0.61 0.99 322 0.67-3.35

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Death / severe NDI adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS,
multiple birth, smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social
deprivation (ref=1,2,3)

Log likelihood =-90.09 LR chi2 (15) = 23.97, Prob>chi2: .066

DCC and any NDI

The adjusted odds ratio for DCC and any NDI was 2.28; 95% CI: 1.25-4.18, p =.007. The
Hosmer-Lemeshow test yielded a p-value of .036, indicating a statistically significant difference
between observed and expected outcomes. This suggests that the logistic regression model does

not fit the data well and its predicted probabilities may not be reliable.

Table 79. Adjusted odds ratio for any NDI as a function of DCC at 36 months (n = 278)

Any NDI OR Std.err.  Z P>|z| 95% CI
DCC .

(ref — 1CC) 2.28 0.70 2.68 007 1.25-4.18
Maternal age 1.01 0.03 0.20 .844 0.95-1.06
PIH 2.51 107 216 031" 1.09-5.79

(ref = no PIH)
Gestational Diabetes

(ref = no gestational diabetes) 0.69 0.43 -0.59 .555 0.20-2.37
Chorioamnionitis 2.30 0.78 2.45 014 1.18-4.47
(ref = no chorioamnionitis)

C-section. . 0.96 029 014 888 0.53-1.73
(ref = vaginal delivery)

ANCS 0.52 0.26 -1.29 197 0.19-1.41

(ref = not received ANCS)
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Multiple birth

o 1.62 0.51 1.54 123 0.88-3.00
(ref = singleton pregnancy)
Smoking
(ref = no smoking while 0.69 0.28 -0.94 .349 0.31-1.51
pregnant)
GA 0.84 0.09 -1.73 .084 0.68-1.02
Male .
(ref = female) 1.83 0.52 2.15 .032 1.06-3.18
Apgar score at 5 minutes <7
(ref = Apgar score at 1.59 0.48 1.54 123 0.88-2.89
Sminutes>7)
SGA
(ref = no SGA) 1.28 0.66 0.48 .632 0.47-3.52
Materially deprived 2.64 0.74 3.45 001" 1.52-4.59
(ref=1,2,3)
Socially deprived
(ref=1.2.3) 0.87 0.24 -0.51 610 0.50-1.51

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Any NDI adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple birth,
smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation
(ref=1,2,3)

Log likelihood = - 163.38, LR chi2 (15) = 46.44, Prob>chi2: < .001

DCC and Severe NDI

The adjusted odds ratio for DCC and severe NDI was 0.64; 95% CI: 0.25-1.62, p = .348. The
Hosmer- Lemeshow test indicated that there was no significant difference in the expected and

observed frequencies of severe NDI outcome, suggesting that the final model was a good fit (p =

551)

Table 80. Adjusted odds ratio for severe NDI as a function of DCC at 36 months (n =268)

Severe NDI OR  Std.err. Z P>|z| 95% CI
DCC

(ref = 1CC) 0.64 030  -0.94 348 0.25-1.62
Maternal age 1.04 0.04 0.92 356 0.96-1.12
PIH 3.13 1.83 1.94 052 0.99-9.87
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(ref =no PIH)

Gestational Diabetes

(ref = no gestational diabetes) 2.36 1.88 1.08 281 0.50-11.22
Chorioamnionitis 1.24 0.60 0.45 652 0.48-3.22
(ref = no chorioamnionitis)

C-section . 0.67 0.29 -0.92 357 0.28-1.58
(ref = vaginal delivery)

ANCS

(ref = not received ANCS) 0.95 0.69 -0.07 .945 0.23-3.93
Multiple birth 1.14 0.55 0.27 788 0.44-2.93
(ref = singleton pregnancy)

Smoking

(ref = no smoking while 0.90 0.49 -0.19 .850 0.31-2.61
pregnant)

GA 0.95 0.14 -0.35 726 0.71-1.27
Male

(ref = female) 0.76 0.31 -0.68 499 0.34-1.68
Apgar score at 5 minutes <7 ‘

(ref = Apgar score at 2.99 1.28 2.56 010" 1.29-6.92
Sminutes>7)

SGA

(ref = no SGA) 0.26 0.29 -1.19 233 0.03-2.35
Materially deprived

(ref=12.3) 1.88 0.80 1.50 135 0.82-4.32
Socially deprived

(ref=1.2.3) 1.52 0.63 1.02 306 0.68-3.40

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Severe NDI adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple birth,
smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation
(ref=1,2,3)

Log likelihood =-89.23 LR chi2 (15) = 21.53, Prob>chi2: .121

DCC and cerebral palsy

The adjusted odds ratio for DCC and cerebral palsy was 1.12; 95% CI: 0.43-2.90, p = .813. The
Hosmer-Lemeshow test yielded a p-value of .006, indicating a statistically significant difference
between observed and expected outcomes. This suggests that the logistic regression model does

not fit the data well and its predicted probabilities may not be reliable.
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Table 81. Adjusted odds ratio for cerebral palsy as a function of DCC at 36 months (n = 264)

Cerebral Palsy OR Std. err. V4 P> | z | 95% CI
DCC

(ref = ICC) 1.12 0.54 0.24 813 0.43-2.90
Maternal age 1.01 0.05 0.29 173 0.93-1.11
PIH 1.43 0.94 0.55 .585 0.40-5.18

(ref = no PIH)
Gestational Diabetes

(ref = no gestational diabetes) 1.92 1.50 0.83 407 0.41-8.93
Chorioamnionitis 1.67 0.86 1.00 316 0.61-4.57
(ref = no chorioamnionitis)

C-section . 0.97 045 007 942 0.39-2.40
(ref = vaginal delivery)

ANCS

(ref = not received ANCS) 0.75 0.54 -0.39 .694 0.18-3.11
Multiple birth 1.06 052 012 907  040-2.77
(ref = singleton pregnancy)

Smoking

(ref = no smoking while 1.33 0.75 0.50 617 0.44—4.02
pregnant)

GA 0.87 0.14 -0.85 394 0.63-1.20
Male 1.72 077 120 228  0.71-4.15
(ref = female)

Apgar score at 5 minutes <7

(ref = Apgar score at 3.48 1.59 2.73 006 1.42-8.51
Sminutes>7)

SGA

(ref = no SGA) 0.58 0.65 -0.48 .630 0.07-5.23
Materially deprived

(ref= 1,2.3) 2.28 1.02 1.83 .067 0.94-5.50
Socially deprived

(ref=1.2.3) 0.72 0.32 -0.73 468 0.30-1.74

ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Cerebral palsy adjusted for adjusted for maternal age, PTH, gestational diabetes, chorioamnionitis, C-section, ANCS,
multiple birth, smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social
deprivation (ref=1,2,3)

Log likelihood = - 78.90, LR chi2 (6) = 20.76, Prob>chi2: .145
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DCC and cognitive delay

The adjusted odds ratio for DCC and cognitive delay was 3.38; 95% CI: 1.74-6.53, p =<.001.
The Hosmer-Lemeshow test yielded a p-value of .028, indicating a statistically significant
difference between observed and expected outcomes. This suggests that the logistic regression

model does not fit the data well and its predicted probabilities may not be reliable.

Table 82. Adjusted odds ratio for cognitive delay as a function of DCC at 36 months (n =253)

Cognitive delay OR Std. err. Z P> | z | 95% CI
DCC

(ref = ICC) 3.38 1.14 3.61 <.001 1.74-6.53
Maternal age 1.00 0.03 0.08 934 0.95-1.06
PIH

(ref = no PIH) 2.17 1.05 1.60 110 0.84-5.62
Gestational Diabetes

(ref = no gestational diabetes) 0.17 0.19 -1.60 110 0.02-1.49
Chor_loamnlomtls o 215 0.81 205 040' 1.03-4.48
(ref = no chorioamnionitis)

C-section . 0.86 028  -047  .640 0.45-1.64
(ref = vaginal delivery)

ANCS

(ref = not received ANCS) 0.60 0.32 -0.94 .348 0.20-1.75
Multiple birth 1.84 064 176 079  093-3.64
(ref = singleton pregnancy)

Smoking

(ref = no smoking while 0.73 0.33 -0.71 478 0.30-1.75
pregnant)

GA 0.88 0.10 -1.05 292 0.70-1.11
Male a

(ref = female) 1.90 0.60 2.04 041 1.03-3.52
Apgar score at 5 minutes <7

(ref = Apgar score at 1.39 0.46 0.97 331 0.72-2.67
Sminutes>7)

SGA

(ref = no SGA) 1.22 0.70 0.34 731 0.40-3.74
Materially deprived a

(ref=12.3) 2.76 0.87 3.23 .001 1.49-5.11
Socially deprived

(ref=1.2.3) 0.84 0.26 -0.57 570 0.45-1.55
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ANCS: antenatal corticosteroid; C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age;
PIH: pregnancy induced hypertension; SGA: small for gestational age (<10th percentile)

? Indicates statistical significance

Cognitive delay adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple
birth, smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation
(ref=1,2,3)

Log likelihood = - 137.59, LR chi2 (15) = 45.02, Prob>chi2: .001

DCC and hearing impairment

Model did not fit for hearing impairment due to small number of events.

DCC and visual impairment

The adjusted odds ratio for DCC and visual impairment was 0.39; 95% CI: 0.07-2.24, p = .2809.
The Hosmer- Lemeshow test indicated no significant difference between expected and observed

frequencies of visual impairment outcome, suggesting that the final model was a good fit (.998).

Table 83. Adjusted odds ratio for visual impairment as a function of DCC at 36 months (n =232)

Visual Impairment OR Std. err. V4 P> | z | 95% CI
DCC

(ref = ICC) 39 0.35 -1.06 .289 0.07-2.24
Maternal age 1.02 0.07 0.23 819 0.89-1.16
PIH 2.04 198 073 463 030-13.68

(ref = no PIH)
Gestational Diabetes

(ref = no gestational diabetes) 3.25 3.84 1.00 319 0.32-32.99
Chorioamnionitis 1.63 142 056 577 0.29-8.99
(ref = no chorioamnionitis)

C-section . 1.08 0.80 0.11 912 0.26-4.61
(ref = vaginal delivery)

Multiple birth 4.18 322 185 064 0.92-18.95
(ref = singleton pregnancy)

Smoking

(ref = no smoking while 0.60 0.55 -0.55 581 0.10-3.68
pregnant)

GA 0.66 0.15 -1.81 .070 0.42-1.03
Male 1.07 0.73 0.09 926 0.28-4.10
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(ref = female)

Apgar score at 5 minutes <7

a

(ref = Apgar score at 4.29 2.99 2.09 .037 1.09-16.85
Sminutes>7)

(SrSfA: 10 SGA) 2.78 291 098 327 0.36-21.54
?feelftfif‘}g;)leprived 3.26 224 171 086  0.84-12.56
(Sr‘é‘;iilll?z‘}gg’rived 1.25 080 035 728 0.36-4.39

C-section: caesarean section; DCC: deferred cord clamping; GA: gestational age; PIH: pregnancy induced
hypertension; SGA: small for gestational age (<10th percentile)

 Indicates statistical significance

Visual impairment adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS,
multiple birth, smoking, GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social
deprivation (ref=1,2,3)

Log likelihood = - 41.33, LR chi2 (14) =23.10, Prob>chi2: .059

Propensity Score Matching:

To address baseline disparities between the exposed and unexposed cohorts, a propensity score
matching (PSM) strategy was implemented to limit confounding and enhance comparability
between groups. Exposed participants were matched with unexposed subjects who had similar
likelihoods of receiving the exposure, based on their propensity scores, thereby allowing for a
more unbiased estimation of the treatment effect. Propensity scores were calculated using a
multivariable logistic regression model that included GA, male sex, C-section, and ANCS as
covariates. Matching was conducted in Stata version BE 18.5 using a caliper width equal of 0.2
times the standard deviation of the logit-transformed propensity scores, with outliers outside this

range excluded from the matched sample.

Table 84 demonstrated the Propensity score- matched odds ratio for neurodevelopmental

outcomes at 18-24 months CA as a function of DCC.
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Table 84. Propensity score- matched odds ratio at 18-24 months as a function of DCC

Outcomes ma tg:;' dOIf)airs Prg/l[):tncsli?(; S(:;re- 95% CI P-value
Death/any NDI 116 1.09 0.98-1.21 .096
Death/severe NDI 104 0.98 0.89 - 1.08 751
Any NDI 105 1.09 0.98-1.23 .106
Severe NDI 93 0.97 0.87—-1.06 S18
Cerebral palsy 87 0.98 0.90 — 1.06 .651
Cognitive delay 87 0.92 0.81-1.02 121
Motor delay 88 1.06 0.94-1.21 304
Language delay 90 1.07 0.94 -1.22 295
gggﬁi‘fnen t N/A N/A N/A N/A
Visual Impairment 78 0.95 0.91-0.99 045’

* Propensity score matched odds ratios adjusted for GA, male sex, C-section and ANCS

? Indicates statistical significance

ANCS: antenatal corticosteroid; DCC: deferred cord clamping; GA: gestational age; ICC: immediate cord clamping
N/A= not applicable, due to lack of outcome in the DCC cohort

Table 84 presents the propensity score—matched odds ratios for neurodevelopmental outcomes at
18-24 months CA in relation to DCC. The results indicated that DCC was not significantly
associated with death or any NDI, death or severe NDI, NDI alone, severe NDI, or any other
individual outcome except visual impairment. Visual impairment was the only outcome that was
significantly reduced in the DCC group after adjustment using propensity score matching

(matched OR: 0.95, 95% CI: 0.91-0.99, p = .045).

Table 85 demonstrated the Propensity score- matched odds ratio for neurodevelopmental

outcomes at 36 months CA as a function of DCC.
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Table 85. Propensity score- matched odds ratio at 36 months as a function of DCC

Outcomes ma tg:;' dOIf)airs Prg/l[):tncsli?(; S(:;re- 95% CI P-value
Death/any NDI 99 1.18 1.06 — 1.32 .003’
Death/severe NDI 95 1.01 091 -1.11 .879
Any NDI 88 1.09 1.05-1.35 004’
Severe NDI 84 0.99 0.91-1.07 851
Cerebral palsy 101 0.97 0.89 - 1.04 375
Cognitive delay 83 1.25 1.09 - 1.40 001"
gggﬁi‘fnen t N/A N/A N/A N/A
Visual Impairment 93 0.98 0.93 - 1.03 393

* Propensity score matched odds ratios adjusted for GA, male sex, C-section and ANCS

? Indicates statistical significance

ANCS: antenatal corticosteroid; DCC: deferred cord clamping; GA: gestational age; ICC: immediate cord clamping
N/A= not applicable, due to lack of outcome in the DCC cohort

Table 85 summarizes the propensity score—matched odds ratios for neurodevelopmental
outcomes at 36 months CA in relation to DCC. The findings demonstrate that DCC was
significantly associated with increased odds of death or any NDI (matched OR: 1.18, 95% CI:
1.06-1.32, p =.003), NDI alone (matched OR: 1.09, 95% CI: 1.05-1.35, p = .004), and cognitive
impairment (matched OR: 1.25, 95% CI: 1.09-1.40, p = .001). However, these results may be
influenced by the use of two different versions of cognitive assessment tools across two cohorts,
and by different psychologists conducting the testing, which could introduce measurement bias

and inter-rater variability, respectively.

Regression Analysis with Infants in the DCC Period

An additional regression analysis was conducted, focusing on infants from the DCC period
(Period 2). In this analysis, the comparison group consisted of 134 infants who underwent ICC

within the same interval. These ICC infants had been excluded from the primary analysis due to
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discrepancies in the time frame of the original ICC cohort. Cognitive development at 36 months
CA was assessed in both these DCC and ICC groups using the WPPSI-IV test. In contrast,

cognitive outcomes for the primary ICC cohort at 36 months were assessed using WPPSI-III test.

The aim of this analysis was to examine whether differences in test structure, normative data, and
scoring algorithms between the two WPPSI editions may influenced the observed associations.
Such differences could have introduced measurement bias, led to misclassification, or attenuated
true effects by altering the sensitivity and specificity for detecting cognitive delay. For the 18—
24-month follow-up, identical standardized assessment tools were employed across both

analyses.

Table 86. Maternal and neonatal baseline characteristics and short-term outcomes of infants in
DCC period (N=299)

Demographic Characteristics Infants had DCC Infants had ICC #
and short-term outcomes (n=165) (n=134) p -value
Maternal age, years, median (IQR) 32 (28-37) 31 (27-35) .059
Completed high school 112/128 (87.5) 106/114 (92.98) 154
PIH 33/165 (20) 20/134 (14.93) 253
Gestational diabetes 14/165 (8.48) 8/134 (5.97) 408
Chorioamnionitis 36/165 (21.82) 26/134 (19.40) .608
C-section 87/165 (52.73) 83/134 (61.94) 110
ANCS 155/165 (93.94) 122/134 (91.04) 340
Maternal antibiotics 116/165 (70.30) 83/133 (62.41) 150
Multiparous 81/165 (49.09) 62/133 (46.62) 671
Multiple Birth 45/165 (27.27) 46/134 (34.33) 187
PROM 49/165 (29.70) 28/133 (21.05) .090
Smoking 16/165 (9.70) 15/132 (11.36) 641
Alcohol use 8/165 (4.85) 5/132(3.79) .657

Material deprivation Quintiles
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Quintilel (most privileged)
Quintile2

Quintile3

Quintile4

Quintile5 (most deprived)

Social deprivation Quintiles

Quintilel (most privileged)
Quintile2

Quintile3

Quintile4

Quintile5 (most deprived)

GA in weeks, median (IQR)
Birth weight-grams, median (IQR)
Male

SGA

Apgar score at 5 minutes <7
RDS

BPD

PDA

Surg. treated PDA

Sepsis

IVH

Severe IVH

PVL

SNI

NEC

ROP

Severe ROP

Discharge home on oxygen

Number of transfusions

median (IQR)

Total ventilation-days,

median (IQR)

Total non-invasive resp. support-days
median (IQR)

Total suppl. oxygen-days

27/158 (17.09)
33/158 (20.88)
30/158 (18.99)
17/158 (10.76)
51/158 (32.28)

27/158 (17.09)
34/158 (21.52)
32/158 (20.25)
36/158 (22.79)
29/158 (18.35)

27 (26-28)
900 (780-1050)
91/165 (55.15)
18/165 (10.91)
49/165 (29.70)
149/165 (90.30)
85/160 (53.13)
95/165 (57.57)
14/165 (8.48)
19/165 (11.52)
49/165 (29.70)
25/165 (15.15)
4/165 (2.42)
25/165 (15.15)
14/165 (8.48)
117/153 (76.47)
11/153 (7.19)

86/163 (52.76)

0
(0-1)
2
(1-12)
55
(40-60)
100

15/128 (11.72)
25/128 (19.53)
32/128 (25)
17/128 (13.28)
39/128 (30.47)

15/128 (11.72)
24/128 (18.75)
18/128 (14.06)
39/128 (30.47)
32/128 (25)

26 (25-27)
820 (640-1000)
72/134 (53.73)
18/134 (13.43)
53/134 (39.55)
124/134 (92.54)
87/133 (65.41)
88/134 (65.67)
18/134 (13.43)
22/134 (16.42)
48/134 (35.82)
22/134 (16.42)

9/134 (6.72)

5/134 (3.73)
20/134 (14.92)
105/124 (84.68)
18/124 (14.52)

73/134 (54.48)

0
(1-3)
7
(1-22)
60
(42-65)

100

544

.180

003"
.005
.806
505
074
495
033"
153
169
220
261
765
.089
.001°
081
.089
048
768

<.001
.001°

.085
008’
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median (IQR) (80-100) (80-140)

NICU stay-days, 90 100

median (IQR) (80-110) (90-120) 001

* Mann-Whitney U test for continuous variables which are not normally distributed, Chi-squared test for categorical
variables and Fisher’s exact test when the cell count <5

2 Indicates statistical significance (p <.05)

Data for categorical variables are expressed as n/N (%) and for continuous variables are expressed as median
(IQR)unless specified otherwise

The variables have different denominators because not all variables had all data available

ANCS: antenatal corticosteroid; BPD: bronchopulmonary dysplasia; C-section: caesarean section, DCC: deferred
cord clamping; GA: gestational age; ICC: immediate cord clamping; IVH: intraventricular haemorrhage; NEC:
necrotising enterocolitis; PDA: patent ductus arteriosus; PIH: pregnancy induced hypertension; PROM: prolonged
rupture of the membrane; PVL: periventricular leukomalacia; RDS: respiratory distress syndrome; ROP: retinopathy
of prematurity; SGA: small for gestational age (<10th percentile); SNI: severe neurological injury

Infants in the DCC group were delivered at later gestational ages, had greater birth weights and
increased proportion of SNI. Conversely, infants in the ICC group demonstrated a higher

incidence of BPD, severe ROP and required prolonged mechanical ventilation.

At 18-24 months, 153 children (12 lost to follow-up) from the DCC cohort and 118 from the
ICC cohort (16 lost to follow-up) were included in the analysis. The estimated associations were
consistent across both analysis periods with the exception of motor delay, for which the

association reached statistical significance after propensity score matching.

Tables 87 presents the crude, adjusted and propensity matched odds ratios comparing DCC and

neurodevelopmental outcomes at 18-24 months corrected age.

Table 87. Odds ratios for Neurodevelopmental Outcomes in the DCC Period Infants: DCC vs.
ICC Group at 18- 24 months (N=271)

. Propensity
Outcomes DCC ICC e CrudeOR Adggfed Score-
mn=153) (n=118) (95% CI) (95% CI) matched OR*
(95% CI)
Death/Any 76/116 50/84 386 1.29 1.08 1.02
NDI, n (%) (65.52) (59.52) ) (0.69-2.40) (0.54-2.16) (0.84-1.21)
Death/Severe 27/104 20/76 083 0.99 1.06 1.02
NDI, n (%) (25.96) (26.32) ' (0.48-2.07) (0.53-2.15) (0.87—1.18)
Any NDI, 65/105 45/79 499 1.23 1.09 1.02
n (%) (61.90) (56.96) ) (0.65-2.32) (0.53-2.26) (0.83-1.22)
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SevercNDIL, __ 16/93 1571 e 0.78 0.80 0.98

n (%) (17200 (L13) (033-1.84) (0.35-1.86) (0.84— 1.14)
Cerebral 10/87 8/73 1.06 1.37 1.03
Palsy,n (%)  (1149)  (1096) 1 (035-327) (043—444) (0.90—1.17)
Cognitive 18/87 21/76 0.68 0.58 0.96
delay,n (%)  (20.69)  (27.63) % (031-150) (023-148) (0.83—1.09)
Motor delay,  34/88 24/69 118 1.77 1.20

n (%) 3864)  3478) O (058-240) (0.73-427) (1.02-139)
Language 43/90 31/71 118 1.26 118
delay,n (%)  (47.78)  @3.66) 0% (060-231) (0.60-2.63) (0.86— 1.25)
Hearing

Impairment, 0(/ g)7 (}/gg) 278 N/A N/A N/A

n (%) ’

Xlllsuaaiimem 1/78 10/74 004 0.08° 0.11 0.89°
veame a2 aasy (0.002-0.62) (0.01—1.07)  (0.82—0.96)

*Adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple birth, smoking,
GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation (ref=1,2,3)
Propensity score matched odds ratios adjusted for GA, male sex, C-section and ANCS

 Indicates statistical significance (p<0.05)

Data are expressed as n/N (%) unless specified otherwise

The variables have different denominators because not all variables had all data available

N/A= not applicable, due to lack of outcome in the DCC cohort

For 36 months, data were available for 145 children from the DCC cohort (8 lost to follow-up)

and 108 from the ICC cohort (10 lost to follow-up).

Tables 88 provide a comparative analysis of baseline maternal and neonatal characteristics, as
well as short-term neonatal morbidities of infants between two groups available for 36 months

evaluation.

Table 88. Maternal and neonatal baseline characteristics and short-term outcomes of infants in
DCC period Infants for 36 months Follow-up (N=253)

Demographic Characteristics Infants had DCC Infants had ICC

and short-term outcomes (n=145) (n=108) p -value’
Maternal age in years, median (IQR) 33 (28-47) 32 (27-45)) 132
Completed high school 103/117 (88.03) 90/96 (93.75) 155
PIH 30/145 (20.69) 19/108 (17.59) 538
Gestational diabetes 11/145 (7.59) 5/108 (4.63) 339
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Chorioamnionitis
C-section

ANCS

Maternal antibiotics
Multiparous
Multiple Birth
PROM

Smoking

Alcohol use

Material deprivation Quintiles
Quintilel (most privileged)
Quintile2
Quintile3
Quintile4
Quintile5 (most deprived)

Social deprivation Quintiles
Quintilel (most privileged)
Quintile2
Quintile3
Quintile4
Quintile5 (most deprived)

GA in weeks, median (IQR)
Birth weight-grams, median (IQR)
Male

SGA

Apgar score at 5 minutes <7
RDS

BPD

PDA

Surg. treated PDA

Sepsis

IVH

Severe IVH

PVL

29/145 (20)
76/145 (52.41)
136/145 (93.79)
95/134 (70.90)
69/134 (51.49)
39/145 (26.90)
40/134 (29.85)
12/145 (8.28)
8/134 (5.97)

24/138 (17.39)
27/138 (19.57)
29/138 (21.01)
16/138 (11.59)
42/138 (30.44)

24/138 (17.39)
31/138 (22.46)
28/138 (20.30)
31/138 (22.46)
24/138 (17.39)

27 (26-28))
900 (750—1100)
79/145 (54.48)
16/145 (11.03)
44/145 (30.34)
131/145 (90.34)
75/141 (53.19)
82/145 (56.55)
10/145 (6.90)
16/145 (11.03)
47/145 (32.41)
25/145 (17.24)
4/145 (2.76)

21/108 (19.44)
66/108 (61.11)
98/108 (90.74)
61/102 (59.80)
51/102 (50)
34/108 (31.48)
22/102 (21.57)
11/107 (10.28)
4/102 (3.92)

13/102 (12.75)
20/102 (19.60)
26/102 (25.49)
13/102 (12.75)
30/102 (29.41)

14/102 (13.73)
22/102 (21.57)
13/102 (12.74)
27/102 (26.47)
26/102 (25.49)

26 (24-27))
820 (620-1000)
58/108 (53.70)
16/108 (14.81)
45/108 (41.67)
100/108 (92.59)
72/107 (67.29)
73/108 (67.59)
13/108 (12.04)
18/108 (16.67)
39/108 (36.11)
19/108 (17.59)
7/108 (6.48)

913
168
362
075
.820
426
152
585
478

.841

318

.001°
004
902
371
.062
530
025
075
159
194
539
942
213
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SNI 25/145 (17.24) 1/108 (0.93) <.001
NEC 11/145 (7.59) 18/108 (16.67) 025
ROP 101/134 (75.37) 82/98 (83.67) 126
Severe ROP 11/134 (8.21) 17/98 (17.35) 035’
Discharge home on oxygen 73/143 (51.05) 59/108 (54.63) 574
Number of transfusions 0 1 <001"
median (IQR) (0-1) (0-3) ’
Total ventilation-days 3 12 001"
median (IQR) (2-12) (2-25) '
Total non-invasive resp. support-days 50 50 056
median (IQR) (40-70) (42-72) '
Total suppl. oxygen-days 90 100 002"
median (IQR) (60-130) (50-150) '
NICU stay-days 90 100 001"
median (IQR) (70-110) (80-130) '

* Mann-Whitney U test for continuous variables which are not normally distributed, Chi-squared test for categorical
variables and Fisher’s exact test when the cell count <5

? Indicates statistical significance (p <.05)

Data for categorical variables are expressed as n/N (%) and for continuous variables are expressed as median
(IQR)unless specified otherwise

The variables have different denominators because not all variables had all data available

ANCS: antenatal corticosteroid; BPD: bronchopulmonary dysplasia; C-section: caesarean section; DCC: deferred
cord clamping; GA; gestational age; ICC: immediate cord clamping; IVH: intraventricular haemorrhage; NEC:
necrotising enterocolitis; PDA: patent ductus arteriosus; PIH: pregnancy induced hypertension; PROM: prolonged
rupture of the membrane; PVL: periventricular leukomalacia; RDS: respiratory distress syndrome; ROP: retinopathy
of prematurity; SGA: small for gestational age (<10th percentile); SNI: severe neurological injury

Infants exposed to DCC tended to be born at slightly more advanced gestational ages and with

correspondingly higher birth weights.

Tables 89 presents the crude, adjusted and propensity matched odds ratios comparing DCC and
neurodevelopmental outcomes at 36 months corrected age. The estimated associations for
outcomes such as death or any NDI, isolated NDI and cognitive delay varied substantially in
both direction and magnitude, compared to previous findings. Notably, the association between
DCC and a decreased risk of visual impairment was statistically significant. This divergence may
reflect the impact of using different cognitive assessment tests, WPPSI-III vs WPPSI-IV, which

potentially influenced the observed outcomes.
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Table 89. Odds ratios for Neurodevelopmental Outcomes in the DCC Period Infants: DCC vs.
ICC Group at 36 months (N= 253)

Propensity
Outcomes DCC ICC p- Crude OR Adjusted OR" Score-
(n=145) (n=108) value (95% CI) (95% CI) matched OR
(95% CI)

Death/Any 5399 sUT4 0.52 051 0.77
NDI 4831)  (66.67) (0.23-1.02) (0.23-1.14) (0.64-0.90)
Death/Severe 1995 14/70 I 1.09 0.98
NDI (20) (20) (0.43-2.35) (0.41-2.91) (0.82-1.15)

42088 46/69 a 0.46 0.44 0.73"
Any NDI @7173) (6667 1% (023092 (0.19-1.00) (0.60-0.86)

8/84 9/65 0.65 0.65 1.01
Severe NDI ©52) 1385 M 0212209 (0.18-2.37) (0.93-1.09)

9/101 9/62 0.58 1.25 .
CP 891) (1452 % (0.19-1.76) (0.30-5.27) N/A
Cognitive 83 3663 . 0.60 0.68 0.77
delay 44.58)  (57.14) (0.30-1.23) (0.30-1.53) (0.61-0.93)
Hearing 0/91 300 176 N/A N/A N/A
1mpairment (2)
Visual 3/93 11/64 a 0.16' 0.12° .
impairment 323 17190 9B (0.03-0.65) (0.02-0.71) N/A

*Adjusted for maternal age, PIH, gestational diabetes, chorioamnionitis, C-section, ANCS, multiple birth, smoking,
GA, male, Apgar score at 5 min <7, SGA, material deprivation (ref=1,2,3) and social deprivation (ref=1,2,3)
iPropensity score matched odds ratios adjusted for GA, male sex, C-section and ANCS

 Indicates statistical significance (p<0.05)

Data are expressed as n/N (%) unless specified otherwise

The variables have different denominators because not all variables had all data available

N/A= not applicable, due to lack of outcome in the DCC cohort.

N/A£= not applicable, propensity score matching is not feasible as no suitable matches were found within the
specified caliper of 0.2 between treatment and control groups
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CHAPTER FOUR: DISCUSSION

Summary of Results:

A comparative analysis was conducted between cohorts undergoing deferred cord clamping
(DCC) and immediate cord clamping (ICC), using two datasets with follow-up evaluations at 18-
24 months and 36 months corrected age. The study population comprised preterm infants born at
<29 weeks’ gestation at Foothills Medical Centre (FMC) who required admission to the regional
Neonatal Intensive Care Unit (NICU) between 1 January 2006 and 31 December 2017. The 18—
24-month analytical sample included 153 preterm infants in the DCC group and 414 in the ICC
group with available outcome data. The 36- month dataset consisted of 134 preterm infants in the
DCC group with available follow-up data, and 11 deaths (0 deaths at 36 months and 11 deaths
between 18 and 24 months). In comparison, the ICC cohort included 346 infants with follow-up

data and 30 deaths (1 at 36 months and 29 between 18 and 24 months).

The findings indicated that DCC was not significantly associated with death or any
neurodevelopmental impairment (NDI) at 18—24 months of corrected age. In contrast, the 36-
month analysis demonstrated significant associations between DCC and death or any NDI, any
NDI alone, and cognitive delay. These elevated associations may, in part, reflect the use of
different versions of the cognitive assessment tool— the Wechsler Preschool and Primary Scale of
Intelligence (WPPSI)— at 36 months, as well as different psychologists conducting the testing.
Specifically, the ICC cohort was evaluated using the WPPSI-III, while the DCC cohort was
assessed using the WPPSI-IV. It is noteworthy that the 18—24-month assessments employed the
same instrument, the Bayley Scales of Infant Development, Third Edition (BSID-III), across both

cohorts.
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Neurodevelopmental Qutcomes

Neurodevelopmental Outcomes at 18-24 months

A total of 527 children, representing 93.11% of the overall cohort (527 out of 566 children
eligible for follow-up) completed neurodevelopmental evaluation at 18-24 months corrected age.
Follow-up rates were comparable between the DCC and ICC groups (92.21% vs. 93.45%), with

no statistically significant difference (p =.806)

The proportion of infants experiencing death or any NDI was slightly higher in the DCC cohort
than in the ICC cohort (65.52% vs. 59.83%). Nonetheless, after applying propensity score
matching, this difference was not statistically significant (matched odds ratio, OR: 1.09, 95% CI:
0.98-1.21, p = .096), with adjustments made for gestational age at birth (GA), caesarean section

(C-section), antenatal corticosteroid use (ANCS) and male sex.

The rate of death or severe NDI was lower in the DCC group than in the ICC group (25.96% vs
29.25%). This difference was not statistically significant after propensity score matching;

(matched OR: 0.98, 95% CI: 0.69-1.08, p =.751).

A statistically significant difference was observed in the incidence of hearing impairment
between the DCC and ICC groups, with no cases reported in the DCC group compared to the

ICC group (0% vs 7.80%; p =.012).

Children exposed to DCC had a lower rate of visual impairment than those exposed to ICC
(1.28% vs 7.11%). This difference was statistically significant after propensity score matching,

(matched OR: 0.95, 95% CI: 0.91-0.99, p = .045).
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Neurodevelopmental Outcomes at 36 months

Of the total cohort, 480 children, representing 91.25% of the overall cohort (480 out of 526
children eligible for follow-up) completed neurodevelopmental evaluation at 36 months
corrected age. Follow-up rates were comparable between the DCC and ICC groups (94.37% vs

90.10%), with no statistically significant difference observed (p=.256).

Children in the DCC cohort showed a higher rate of death or any NDI compared with those who
received ICC (53.54% vs. 38.55%). This relationship remained significant following propensity
score matching (matched OR: 1.18, 95% CI: 1.06—-1.32, p = .003), after adjusting for GA, C-

section, ANCS, and male sex.

Children who received DCC demonstrated a slightly lower incidence of death or severe NDI than
those who underwent ICC (20.00% vs. 20.68%). However, this difference was not statistically

significant after propensity score matching, (matched OR: 1.01, 95% CI: 0.91-1.11, p = .879).

The prevalence of cognitive delay was markedly greater among children in the DCC cohort
compared with those in the ICC cohort (44.58% vs. 23.79%, p <.001). This association
remained significant after propensity score matching (matched OR: 1.25, 95% CI: 1.09-1.40, p =

.001).

A significant difference in the proportion of hearing impairment was observed between the DCC
and ICC groups, with no cases reported in the DCC group compared with 6.15% in the ICC
group (p = .015). An odds ratio could not be calculated because no hearing impairment occurred

in the DCC group.
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Additional Analyses: Regression Models Limited to the DCC Time-Period Cohort

An additional regression analysis was performed, focusing specifically on infants from the DCC
period (period 2). The comparison group comprised 134 infants who received ICC during the
same interval. Cognitive outcomes at 36 months CA were assessed in both cohorts using the
WPPSI-IV. This analysis aimed to investigate whether differences in test structure, normative
data, and scoring algorithms between the WPPSI-III and WPPSI-IV may have influenced the
previously observed associations. The estimated associations at 36-month—including death or
any NDI (matched OR: 0.77, 95% CI: 0.64—0.90), isolated NDI (matched OR: 0.73, 95% CI:
0.60-0.86), and cognitive delay (matched OR: 0.77, 95% CI: 0.61-0.93)—varied substantially in
both direction and magnitude compared with earlier findings. This variation may reflect the
impact of using different cognitive assessment instruments (WPPSI-III versus WPPSI-IV), which
could have affected the observed outcomes. However, the associations were generally consistent
with the 18-24-month results of the previous analysis, with the exception that motor delay

reached significance in this cohort (matched OR: 1.20, 95% CI: 1.02—-1.39).

Comparison with Previous Studies

Comparison of Neurodevelopmental Qutcomes

For 18-24 months follow-up

In our cohort study, DCC demonstrated no significant associations between death or any NDI,
death or severe NDI, any NDI alone, severe NDI, cerebral palsy, cognitive, motor, language
scores at 18—24 months follow-up but showed significant lower odds visual impairment. No
occurrences of hearing impairment were also detected within the DCC group. It is important to

note that neurodevelopmental outcomes are inconsistently reported across studies comparing
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DCC and ICC in preterm infants. While some studies support our findings (23, 122, 175), others

report conflicting results, reflecting heterogeneity in the literature.

Our finding regarding the absence of a significant association between DCC and severe NDI,
aligns with the multicentre, randomised Australian Placental Transfusion Study (APTS trial)
conducted by Robledo et al. (175) which included 665 preterm infants born before 30 weeks’
gestation across 25 centres in seven countries. That study similarly reported no significant
association between DCC and severe NDI at 2 years CA (risk ratio, RR: 0.88, 95% CI: 0.74—
1.04), although a significant reduction was observed in the composite outcome of death or severe
NDI among infants who received DCC (RR: 0.83, 95% CI: 0.72 — 0.95)). Individual components

of the neurodevelopmental outcomes were not separately reported.

A retrospective cohort study by Handley et al. (122) also found no significant association
between DCC and severe NDI (adjusted OR: 0.74, 95% CI: 0.52—-1.05)., cerebral palsy (adjusted
OR: 1.01, 95% CI: 0.73—1.40) or delays in cognitive (adjusted OR: 0.88, 95% CI: 0.68-1.18),
motor or language development at 18-24 months. In contrast, that study did report a significantly
lower odds of death or severe NDI among infants who received DCC (adjusted OR: 0.64, (95%
CI: 0.50-0.83). No association was found with hearing impairment (adjusted OR: 0.91, 95% CI:

0.44-1.88). Visual impairment or the combined outcome of death or any NDI were not assessed.

Another randomized control trial (RCT) by Armstrong- Buisseret et al. (23) reported findings
similar to ours, showing no significant association between DCC and any adverse
neurodevelopmental outcomes — defined as moderate or severe impairment in at least one of five
domains: motor, cognitive, language, hearing or vision (RR: 0.75, 95% CI: 0.41-1.39). However,

a significant reduction was observed in the composite outcome of death or adverse
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neurodevelopmental outcome among infants who received deferred cord clamping (RR: 0.61,
95% CI: 0.39-0.96). Other individual neurodevelopmental outcomes were not reported in that

trial.

The APTS (177), also reported findings contrasting with ours, showing a significant reduction in
the risk of death or major disability—defined as cerebral palsy, severe visual impairment, hearing
loss requiring assistive devices, major language or speech difficulties, or cognitive delay, at two
years CA (RR: 0.83, 95% CI: 0.72-0.95, p =0.01). DCC for at least 60 seconds was associated

with a 17% relative reduction in the risk of death or disability, and a 30% reduction in mortality.

For 36 months follow-up

In contrast to the findings at the 18—-24 months follow-up, assessment at 36 months CA revealed
a significant association between exposure to DCC and higher odds of the composite outcome of
death or any NDI as well as any NDI alone and cognitive delay. It is important to note that these
results may have been affected using different editions of the WPPSI—either the fourth (WPPSI-
IV) or third (WPPSI-III) edition—for cognitive assessments across the DCC and ICC cohorts. As
no studies have directly compared the psychometric properties of WPPSI-IV and WPPSI-III in
clinical populations, further research is warranted to determine whether variations between
editions influenced the observed outcomes. Consistent with earlier findings, the DCC group

continued to show no cases of hearing impairment at 36 months.

However, in the supplementary analysis restricted to infants from the DCC period—where
cognitive outcomes were assessed using the same WPPSI-IV instrument—the observed
associations differed markedly in both direction and magnitude from the primary findings.

Following propensity score matching, DCC was associated with a trend toward lower odds of
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death or any NDI, NDI alone, and cognitive impairment. This discrepancy may be attributable to
the use of different cognitive assessment tools (WPPSI-III versus WPPSI-1V) in the earlier

analyses, which could have influenced the observed outcomes.

An RCT, conducted by Berg et al. (125) among term infants, assessed neurodevelopmental
outcomes at 3 years using the Ages and Stages Questionnaire (ASQ). Their findings contrast
with ours, as no statistically significant differences were observed between the DCC and ICC

groups across any ASQ domains.

We speculate that the possible underlying mechanisms for the benefits of DCC include the
following: DCC allows additional blood to flow from the placenta to the infant, improving
cardiac output and systemic perfusion, including cerebral blood flow. Better cerebral perfusion
reduces the risk of intraventricular haemorrhage (IVH), a major cause of neurodevelopmental
impairment in preterm infants. Increased iron sores reduce the risk of iron deficiency anaemia
during infancy. Iron is critical for myelination, neurotransmitter synthesis, and energy
metabolism in the developing brain. DCC also supports a smother transition from fetal to
neonatal circulation, reducing fluctuations in blood pressure and preventing brain injury. It
lowers the risk of hypoperfusion or hyperperfusion, both of which can contribute to brain injury.
Fewer complications, such as stable blood pressure, and a lower risk of infections indirectly
support better neurodevelopment. Increased haemoglobin improves oxygen-carrying capacity,
preventing hypoxic-ischaemic injury, which is linked to poor cognitive outcomes. Documented
benefits of DCC include lower rates of IVH and necrotising enterocolitis, improved motor and
cognitive scores at 18—-24 months, and better long-term neurodevelopmental outcomes in some

cohorts.
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At present, evidence on neurodevelopmental outcomes at 36 months CA among preterm infants
exposed to DCC remains limited. To our knowledge, no prior studies have conducted a
comprehensive evaluation of long-term neurodevelopment at this age using standardised, in-
person assessments while simultaneously accounting for a wide range of maternal and neonatal
variables, and early postnatal morbidities. The present study contributes meaningfully to the
literature by providing a detailed and methodologically robust analysis of the potential impact of
DCC on long-term neurodevelopment. The inclusion of extensive baseline and clinical
covariates, combined with propensity-score matching to reduce confounding, strengthens the
internal validity of our findings. In doing so, this study offers novel insights into an aspect of

neonatal research that remains comparatively under-explored.

Growth

No evidence of poor growth was observed, as none of the three growth parameters- weight,
height and head circumference fell below -2 z scores at both 18-24- and 36-months of follow-up.
Additionally, there were no statistically significant differences in these measures between the
DCC and ICC groups within either the small for gestational age (SGA) or appropriate for

gestational age (AGA) categories.

In our study, DCC was associated with improved height and head circumference in SGA and
AGA children at the18-24-months follow-up. This positive trend persisted in the SGA group at
36 months. However, among AGA children, growth parameters were lower in those who
received DCC compared with those who underwent immediate cord clamping. SGA infants are
often affected by placental insufficiency and diminished iron stores at birth (178). The benefits
observed in this group may be attributed to the physiological advantages conferred by deferred

cord clamping. Deferred cord clamping increases blood volume, enhances perfusion to vital
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organs, raises iron levels and facilitates the transfer of stem cells (179). These effects may reduce
the need for transfusions and are associated with lower rates of complications such as BPD,
NEC, and sepsis. Collectively, these findings suggest that DCC may be particularly beneficial for

SGA infants, who are at increased risk of postnatal growth failure and developmental delay.

Comparison of Short-Term Outcomes

Patent Ductus Arteriosus (PDA): This is a common complication in preterm infants. In the
present study, the overall incidence of PDA including cases requiring surgical ligation was lower
in the DCC cohort than in the ICC cohort. This reduction may reflect the physiological benefits
of DCC, such as improved cardiovascular stability, preserved blood flow and reduced need for
blood transfusion, all of which promote early ductal closure. Previous studies have demonstrated
a four-fold higher likelihood of PDA requiring medical or surgical intervention among infants
who received blood transfusions compared with those who did not (80), supporting the observed
reduction in surgically treated PDA in the DCC group. These findings are align with an RCT by
Mordi et al., which reported a lower rate of PDA requiring treatment in infants born at <33
weeks’ gestation who received DCC (32.0%) compared with those who received ICC (33.5%),

although this difference was not statistically significant (180).

Retinopathy of Prematurity (ROP): This is a complex vasoproliferative retinal disorder
influenced by factors, such as lower GA, low birth weight and prolonged exposure to
supplemental oxygen. In the present study DCC was associated with significantly lower odds of
severe ROP in preterm infants compared with immediate cord clamping. This association may
relate to the shorter duration of oxygen support, and the smaller proportion of infants discharged
home on supplemental oxygen in the DCC group. This finding is partially supported by Mordi et

al. who reported a lower incidence and reduced risk of severe ROP in the DCC group among
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infants born at <30 weeks’ gestation; however, this association did not reach statistical

significance (risk ratio, RR: 0.75, 95% CI: 0.50-1.11) (180).

Sepsis: Sepsis remains a major cause of morbidity and mortality in preterm infants, largely
owing to their immature immune systems. In this study, DCC was associated with a significantly
reduced risk of sepsis. This protective effect may be due to the transfer of immune-supportive
cells (such as haematopoietic stem cells, neutrophils, and monocytes), improved haemoglobin
and iron stores, and a reduced need for early blood transfusion following deferred cord clamping.
This finding is supported by Lodha et al., who reported significantly lower odds of late onset
sepsis among preterm infants (2228 weeks’ gestation) who received deferred cord clamping

(propensity-score matched OR: 0.81, 95% CI: 0.69-0.95) (92).

Blood Transfusion: Preterm infants who received DCC required significantly fewer blood
transfusions than those who underwent immediate cord clamping. This may result from the
additional placental blood volume transferred to the infant while the umbilical cord remained
intact. This outcome aligns with findings by Brown et al., who reported that DCC lasting for >30
seconds in preterm infants born at <33 weeks’ gestation, significantly reduced the odds of
requiring blood transfusion compared with immediate cord clamping (OR: 0.60, 95% CI: 0.47—

0.77) (179).

Intraventricular Haemorrhage (IVH): In this study, exposure to DCC compared with ICC,
was associated with higher odds of severe IVH, (adjusted OR: 1.97, 95% CI:1.09— 3.55) despite
no significant difference in the incidence of any grade IVH (adjusted OR:1.34, 95% CI: 0.86—
2.09). The increased incidence of severe IVH in preterm infants is largely attributed to the

fragility of the germinal matrix vasculature, immature cerebral autoregulation and
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haemodynamic instability. Intraventricular haemorrhage remains a major concern in preterm
birth, affecting approximately 25% of infants born before 30 weeks’ gestation. Although DCC is
generally linked to improved haematologic status and circulatory stability, inclusion of highly
vulnerable infants born before 29 weeks GA in our cohort may have contributed to the elevated
risk of severe IVH observed. Contrasting results were reported by Hemmati et al. who studied
infants born between 26—34 weeks’ gestation; while the incidence of IVH of any grade was
similar between groups, severe IVH was significantly lower in the DCC group than in the ICC

group (1.4% vs 10.1%; p =.036) (22).

No significant differences were found between the DCC and ICC groups regarding respiratory
distress syndrome (RDS), bronchopulmonary dysplasia (BPD), IVH, periventricular
leukomalacia (PVL), necrotising enterocolitis (NEC), or the duration of mechanical ventilation.
The more favourable perinatal profile in the DCC group including higher GA at birth, lower
transfusion rates, shorter oxygen supplementation, and fewer infants discharged home on
oxygen—may partly explain these comparable outcomes. Similar results have been reported by
Chiruvolu et al., Nevill et al., Rabe et al. and Wang et al. in studies involving preterm infants

(181-184).

Impact of Bias on the Results

As with all retrospective cohort studies, this study was susceptible to various forms of bias.
Selection and information biases are inherent risks in cohort designs; however, extensive

measures were implemented to minimise these biases throughout the study.

Selection bias may have arisen during cohort formation. To mitigate this risk, inclusion and

exclusion criteria were explicitly defined during the study design phase to ensure consistent and
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systematic participant selection. In addition, the presence of infants who received ICC during the
DCC implementation period—particularly those expected to have poorer neurodevelopmental
outcomes—had the potential to bias the findings in favour of DCC by disproportionately
inflating adverse outcomes within the ICC group. To minimise this source of bias, these cases
were excluded from the primary analysis. These steps were undertaken to enhance the internal
validity of the study and to ensure that the comparison between exposure groups reflected true

differences rather than artefacts of cohort misclassification.

Information bias may have occurred due to the use of two different editions of the WPPSI to
evaluate cognitive outcomes in the DCC and ICC cohorts. To mitigate this issue, an additional
regression analysis was conducted within the DCC implementation period, during which both
DCC and ICC infants were assessed using the WPPSI-IV. This approach enabled an evaluation
of the extent to which discrepancies between WPPSI editions may have influenced the observed
associations. Furthermore, operational definitions for NDI, severe NDI, cerebral palsy, and
cognitive, motor, and language delay, as well as hearing and visual impairment, were explicitly

established at the study design stage to reduce the likelihood of misclassification bias.

The study relied on routinely collected clinical data, assuming the accuracy and completeness of
entries within institutional databases. However, documentation within NICU discharge
summaries and neurodevelopmental follow-up assessments could not be independently validated,
introducing the potential for recording or reporting inaccuracies. Such limitations are inherent in
retrospective cohort designs and may contribute to residual information bias despite efforts to

standardise outcome definitions and assessment procedures.
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Attrition bias was unlikely to have materially influenced the findings, as follow-up rates among
surviving infants were high—93.11% at 18—24 months and 91.25% at 36 months—and

comparable between the DCC and ICC groups.

Notably, the higher proportion of mothers from materially deprived backgrounds and the
increased prevalence of SGA infants within the DCC cohort may have independently contributed
to both short-term morbidities and long-term neurodevelopmental impairments, irrespective of
the cord-clamping intervention (185-187). Furthermore, variations between infants who were
followed up and those lost to follow-up may have introduced unmeasured confounding and
selection bias. For instance, the DCC cohort evaluated at 36 months included mothers with
significantly lower rates of chorioamnionitis and fewer infants requiring surgical ligation for
PDA (188, 189). In contrast, the ICC cohort assessed at 36 months showed a higher rates of
multiple births, male sex, and RDS—all recognised risk factors for long-term
neurodevelopmental delay (190, 191). To further assess the potential impact of loss to follow-up,
a sensitivity analysis was conducted comparing baseline characteristics of infants who completed
follow-up with those who were lost to follow-up. Any observed differences were subsequently
accounted for through logistic regression and propensity score methods, thereby reducing the
risk that differential attrition introduced systematic bias. These analytical steps increased
confidence that the estimated associations reflect true effects rather than artefacts arising from

incomplete follow-up.

Implications on Clinical practice:

This study provided a comprehensive evaluation of neurodevelopmental and clinical outcomes at

18-24 months and 36 months CA through standardised, in-person assessments, while accounting
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for a wide range of maternal, neonatal, and early postnatal factors. By examining the effects of
DCC within a well-defined preterm population in the NICU at FMC, the study contributes
meaningful evidence regarding both short-term morbidities and longer-term developmental
trajectories. The findings carry important clinical and policy implications. The observed
associations between DCC and lower rates of several major neonatal morbidities—including
PDA ligation, sepsis, severe ROP, blood transfusion requirements, and oxygen
supplementation—underscore the potential of DCC to improve early outcomes in preterm

infants.

Although higher odds of death or any NDI and cognitive delay at 36 months were observed in
the DCC group, these associations are likely influenced by baseline differences between cohorts,
variability in DCC implementation, differing resuscitation needs, and the use of different editions
of cognitive assessment tools across follow-up periods. When analyses were restricted to cohorts
assessed exclusively with the same cognitive instrument, DCC was associated with lower odds of
death or any NDI and cognitive delay, reinforcing the importance of consistent measurement

methods in outcome evaluation.

The study findings do not challenge existing clinical practice; rather, they highlight the need for
future multicentre, prospective, or randomised studies with larger sample sizes and harmonized
long-term follow-up methodologies to more accurately delineate the true impact of DCC. The
results support the continued and expanded adoption of DCC in routine care for preterm
deliveries and may inform future revisions of national and international perinatal guidelines. By
integrating an extensive set of maternal, neonatal, and postnatal variables, this study establishes a
robust framework for subsequent research, supports the generation of new hypotheses and

reinforces the importance of individualised, evidence-based approaches in neonatal care.
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Strengths

The study has several strengths:

Comprehensive, multidisciplinary follow-up, conducted by trained specialists at the
neonatal follow-up clinic. The follow-up rates were exceptionally high, 93.11% at 18-24
months and 91.25% at 36 months corrected age. Fewtrell et al. suggested that follow-up
rates exceeding 80% are adequate for studies evaluating long-term neurodevelopmental
outcomes (192), thereby supporting the robustness and reliability of the data presented.
All data were derived from standard clinical practice, enhancing the external validity and
applicability of findings to real-world neonatal care settings.

Neurodevelopmental assessment at 36 months CA allowed for more accurate diagnosis,
particularly of cognitive outcomes, which are less reliably predicted by evaluations
conducted before 24 months of age (193-195).

Several strategies were implemented to reduce bias and confounding during both design
and analysis phases. The use of a priori operational definitions ensured consistency and
minimised measurement bias.

To our knowledge, this is the first study to report detailed neurodevelopmental outcomes
in preterm infants at 36 months CA using standardised, in-person assessments, thereby

addressing a major gap in existing literature.

Limitations

Despite the strengths of this study, several limitations warrant consideration. These limitations

are outlined to provide transparency and contextualise the study’s findings.
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e Study Design Limitations:

©)

The retrospective design introduces inherent methodological constraints,
including potential selection bias and residual confounding, due to the absence of
blinding and randomisation.

A subset of infants was excluded because they received ICC within the intended
DCC window. As these infants were of lower gestational age and experienced
higher rates of BPD and prolonged mechanical ventilation, their exclusion may

have contributed to selection bias.

e Population — Specific Limitations

(@]

Infants who received DCC were more likely to be associated with planned
deliveries, evidenced by higher GA at birth and greater administration of ANCS.
They also had more stable perinatal courses, reflected in lower transfusion needs,
fewer days of ventilation and oxygen support, and a smaller proportion requiring
oxygen at discharge. Such factors may confound the interpretation of DCC-related

outcomes.

e Measurement and Analysis Limitations

o

o

Precise data on the actual duration of DCC were unavailable, potentially
introducing misclassification bias.

Neurodevelopmental outcomes were obtained from a single institution where
differences in assessment tools and attrition rates, may have limited comparability
and generalisability to the wider population of preterm infants in other neonatal
centers across Canada.

The relatively small sample size for individual neurodevelopmental outcomes,

may have limited statistical power to detect potential differences between groups.



o Conducting multiple statistical analyses across several outcomes increases the
likelihood of type I error due to multiplicity.

o The Hosmer-Lemeshow goodness-of-fit test indicated that some logistic
regression models did not fit the data adequately, suggesting discrepancies
between predicted probabilities and actual outcomes. This may reduce the
reliability of those models. Possible explanations include limited sample size,
numerous unique covariate profiles, unmeasured confounders, or underlying
nonlinear relationships not captured by the model. Nonetheless, other models
demonstrated acceptable fit. Although logistic regression remains an established
method for binary outcomes, future studies could consider alternative modelling
approaches or incorporate additional relevant predictors to improve model

performance.

Moreover, the evolution of NICU practices over the 20062017 study period, including advances
in neonatal care and supportive technologies, could independently affect both survival and
neurodevelopmental trajectories irrespective of the cord-clamping approach. These temporal
changes introduce an inherent risk of confounding, underscoring the need to interpret the

findings with caution and to consider the potential impact of practice variation over time.

Recommendation for Future Studies

Current DCC practice is often guided by the newborns’ clinical condition, particularly
cardiorespiratory status at birth. If a newborn is depressed and not breathing, DCC is usually
avoided, potentially depriving vulnerable infants of its benefits. Further research is needed to

determine whether resuscitation can be safely performed with the umbilical cord intact and to
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evaluate the long-term neurodevelopmental outcomes of this approach in clinically compromised

infants.

Future research should evaluate cord clamping strategies in low-resource settings to enhance
external validity and global relevance. Such studies are vital to ensure that recommendations are
applicable across diverse healthcare systems. Comparative studies are required to explore how
the timing of DCC affects the risk of neonatal hypothermia. Trials comparing DCC and ICC
should incorporate standardised neurodevelopmental assessment tools to minimise bias and

comparability across studies.

Longitudinal studies should extend follow-up into school age, providing a broader understanding
of both potential benefits and adverse effects of DCC on long-term neurodevelopment. Current
research has not yet established strong links between early life outcomes and later educational

attainment (195).

The present study, encompassing diverse maternal and neonatal characteristics, offers a
foundation for future research to explore the association between DCC and neurodevelopment in
preterm infants. Future works should prioritise multicenter randomised controlled trials with
sufficient sample sizes to compare DCC and ICC, generating high-quality evidence to inform
clinical guidelines and promote DCC as a standard of care for high-risk preterm infants in

Canada and worldwide.
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APPENDIX A: SAMPLE SIZE CALCULATION

The power was calculated using the formula for comparing proportions in two independent
groups, given by Kelsey et al. in Table 2, page 330 (137).
Zp = [ n(d")’r/(r+1) p~(1- pII"? - Zan,
Where:
e n =153 (at 18-24 months follow-up) and 145 (at 36 months follow-up)
e Difference, d'=P1-P0 =-0.14
e Unexposed to exposed ratio, r =2
e Weighted average of P1 and PO, P"=P1 + rP0/1+r =0.29

e ZI1—0/2 is the critical value for a two-tailed test at a=0.05 (1.96)
Calculation for 18-24 months Follow-up

e The proportion of unexposed who develop the disease, PO = 0.34

e RR=0.60

e The proportion of exposed who develop the disease, P1 = PO*RR
=0.34*0.60
=0.20

e Difference, d’=P1-P0 = 0.20- 0.34 =-0.14

e Unexposed to exposed ratio, r =414/153 =2

e Weighted average of P1 and PO, P=P1 + rP0/1+r

=0.20 +2%0.34/ 1+ 2 =10.20+ 0.68/3

=0.88/3=0.29
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e  Sample size, no of cases, n =153

o Zu=1.96

o Zp=[n(d)r/(t+1)p~(1-p)]"* - Zar

= [ 153* (-0.14)**2/ 3*.29(1- 0.29)]'? -1.96
= (6/0.62)"2-1.96 = (9.68)"2-1.96 = 3.11 -1.96
=1.15

The power of detecting association between deferred cord clamping (DCC) and long-term
neurodevelopmental outcomes at 18-24 months, based on Table 12-14, p-331 at Kelse et al. is
calculated 87.5%.
Calculation for 36 months follow-up

e The proportion of unexposed who develop the disease, PO = 0.34

e RR=0.60

e The proportion of exposed who develop the disease, P1 = PO*RR

=0.34*%0.6 =0.20

e Difference, d’=P1-P0 = 0.20- 0.34 =-0.14

e Unexposed to exposed ratio, r =376 /145 =2

e Weighted average of P1 and PO, P"=P1 + rP0/1+r

=0.20 +2*0.34/3 = 0.20+ 0.68/3
=0.88/3=0.29

e Sample size, no of cases, n = 145

o Zur=1.96

o Zg=[n(d)r/(r+1) p~(1- p)]"* - Zan

= [ 145% (-0.14)2*2/ 3*%0.29(1- 0.29)]'2 -1.96
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=(5.68/0.62)'"2-1.96  =(9.16)"*"1.96 =3.03-1.96

=1.07
The power of detecting association between deferred cord clamping (DCC) and long-term
neurodevelopmental outcomes at 36 months based on Table 12-14, p-331 at Kelse et al. is
calculated 85.8%.
From the power calculation, it was revealed that our study’s power to identify a relative risk of
0.60 was 87.5% for 18—24 months analysis, and 85.8% for 36 months analysis. This indicates
that we had the sufficient sample size to provide adequate power to detect a reasonable effect
size as large as the desired relative risk of 0.60 and to achieve statistical reliability and validity

for the comparisons.
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APPENDIX B: DATA DICTIONARY

Table B.1. Transformation and coding of final variables (NICU Database)

Variable Name, Code & Label

Code & Label Type in the Original Database

Variable Name

0 = Immediate
cord clamping
(ICC).

DCordClamping (NICU Database)

Cord Clamping Categorical, Yes

1 = Deferred cord binary No
clamping (DCC). Unknown
Maternal Age N/A Continuous MAGE
EDUCM:
1 =< grade 7; 2 = grade 8-9; 3 = grade
0=rno 10-11, 4.= high school graduat;:; 5=
(EDUCM: some university/specialty training ‘
Completed High  codel-3). Categorical, (mcludes any p'ost—s.econdary cducation,
School I = yes binary excl}ldlng a university/college degree,
(EDUCM: partially C(.)mplc'ated program); 6 =
code 4-7) college/university graduate (completed
’ program/certificate/degree; 7 = graduate
degree.
0=no MATHYP: 0= <140/90; 1.= PIH; 2 =
Pregnancy (MATHYP: pre-pregnancy > 140/99 with
Induced code 0, 2,3). Categorical, antihypertensive drugs; 3 = pre-
Hypertension 1 =yes binary preghancy = 1.40/90 Wlthollt
(PIH) (MATHYP: antihypertensive drugs; 4 = pre-
code 1. 4) pregnancy hypertension with pregnancy
e induced hypertension superimposed.
0=no
(MATDIAB MATDIAB: 0 =no, 1 = gestational
Gestational code 0,2,3). Categorical, diabetes, 2 = non-gestational diabetes
Diabetes 1 =yes binary with insulin; 3 = non-gestational diabetes
(MATDIAB: without insulin.
code 1).
0=no
(CHORIO:
Chorioamnionitis Tofiieg) &fiﬁ/"“eal’ CHORIO: 0= o, 1 = yes,
(CHORIO:
code 1).
Cat?sarean OD e—li\\ia;il;la(llCSEC: C? tegorical, %S:Eri : Caesarean section delivery,
delivery binary

code 0).

1 =yes.
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1 = Caesarean
section (CSEC:
code 1).

0 =no (LDSTER:

Antenatal . LDSTER: Use of antenatal
. . code 0). Categorical, . o .
Corticosteroids I = yes (LDSTER: binary steroids/glucocorticoids during labour
(ANCS) code 1), and delivery, 0 = no; 1 = yes.
0=no (LDANTT: . LDANTI: Administration of antibiotics
Maternal code 0). Categorical, to the mother during labour and delive
Antibiotics 1 =yes (LDANTI: binary _ _ & Yy,
0 =no; 1 =yes.
code 1).
0 =Nulliparous TERM = The number of term births
Multiparous (TERM=0, Categorical, prior to this delivery.
p PRETERM =0). binary PRETERM = The number of preterm
1=Multiparous. births prior to this delivery.
0 = Single
pregnancy . CO e
Multiple Birth (MB: code 0). 1t()jiarlltaegorlcal, lng;e(; tersmgleton, 1 = twins; 2 = triplets
1 = Twin/triplet Y £
(MB: code 1, 2).
0 = membrane
Prolonged rupture <24 hours ROM: Timing of membrane rupture in
U turego £ the (ROM:code 1). Catecorical relation to the time of delivery, 1=<24
mg mbrane 1 = membrane binag > hours; 2=24-48 hours; 3=2-14 days; 4=
(PROM) rupture >24 hours Y >14 days; 8= > 24 hours, extent
(ROM: unknown.
code 2, 3,4, 8).
0 =no (SMOKE:
Smokin code 0). Categorical, SMOKE: maternal smoking at any time
& 1 =yes (SMOKE: binary during this pregnancy, 0=no; 1 = yes
code 1).
0=No or
occasional alcohol ALCOHOL: maternal alcohol abuse at
use (ALCOHOL: . . . . -~
Categorical, any time during this pregnancy, 0= no or
Alcohol use code 0). . . . P
I = yes binary occasionally during pregnancy; 1= yes;
(ALCOHOL: code 4= suspect.
1,4).
. Q“Wt?lel Residential postal codes for mothers in
Material Quintile 2 . .
o o . the DCC and ICC group were linked with
Deprivation Quintile 3 Ordinal o
. . the 2016 & 2011 Pampalon deprivation
Quintiles Quintile 4 .
L index
Quintile 5
Somql . Q“?m?lel . Residential postal codes for mothers in
Deprivation Quintile 2 Ordinal . .
. . the DCC and ICC group were linked with
Quintiles Quintile 3
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Quintile 4
Quintile 5

the 2016 & 2011 Pampalon deprivation
index

0 = not deprived

Materially (Quintilesl, 2, 3) Categorical,
deprived 1 = deprived binary
(Quintiles 4, 5)
0 = not deprived
Socially (Quintiles1,2,3) Categorical,
deprived 1 = deprived binary
(Quintiles 4,5)
Gestational age ~ NA Continuous GEST: Fu}ly completed gestational
weeks at birth
Birth weight NA Continuous BW: Birth weight in grams.
0 = female
Male sex (SFX: code 2) Qategorlcal, SEX: 1= male; 2= female.
1 = male binary
(SEX: code 1)
Small for
%jiaional age 0=No SGA Categorical, SGA status was calcqlated ny using
) _ . gestational age and birth weight on
percentile) I=SGA binary Fenton growth chart calculator
(SGA)
0 =2>7 at 5 minutes
Apgar score at 5 after birth. Categorical, APS5: Apgar score at 5 minutes after
minutes <7 1 =<7 at 5 minutes  binary birth.
after birth.
_ RDS: Hyaline membrane
0= no. . disease/respiratory distress syndrome.
RDS (R_DS' code 0) Qategorlcal, Must be radiographically confirmed
1 =yes binary .
(RDS: code 1) and/or treated with oxygen or surfactant
for>72 hours, 0=no; 1= yes.
O( 6; 60: code 0) Categorical, 036: Indicates if the child was on
BPD I =yes binary resplrgtory support at 36 weeks
(036: code 1) gestational age, 0= no; 1= yes.
0=no
PDA (PDA: code 0) Cgtegorical, PDA: 0= none, 1= treated surgically, 2=
1 =yes (PDA: code binary treated medically, 3 = yes, no treatment
1,2,3)
0 =no (PDA: code
Surg. treated 0,2&3) Categorical, PDA: 0=none, 1= treated surgically, 2=
PDA 1 =yes binary treated medically, 3 = yes, no treatment
(PDA: code 1)
Sepsis 0 =no (SEPSIS: Categorical, SEPSIS: 0= none (negative cultures, no
code 0, 2) binary clinical signs, no risk factors, no
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1 = cultured
confirmed sepsis
(SEPSIS: code 1)

antibiotics); 1= confirmed (positive
blood or CSF culture), 2= presumed
(negative cultures and treated with
antibiotics for > 48 hours).

0 =no (code 0)

IVHGRADE: Presence and severity of
IVH (clinical/ultrasound/CT/MRI), worst

IVH I'=yes Categorical, 4o 0= no IVH: 1 = grade I: 2 = grade
(code binary A o o
2; 3 = grade 3; 4 = grade 4; 8 = grade
1,2,3,4,8)
unknown.
IVHGRADE: Presence and severity of
0=no Catecorical IVH, (clinical/ultrasound/CT/MRI),
Severe IVH (code 0,1, 2, 8) binag > worst side, 0 =no IVH; 1 =grade [; 2 =
1 =yes (code 3, 4) Y grade 2; 3 = grade 3; 4 = grade 4; 8 =
grade unknown.
0=no PVL: Evidence of brain lesions in the
(PVL: code 0) Categorical, white matter which may be confirmed by
PVL . . .
1 =yes binary development of multiple bilateral cysts
(PVL: code 1) on MRI/ultrasound, 0= no; 1= yes.

_ IVHGRADE: Presence and severity of
0=no (code 0, 1,2 IVH (clinical/ultrasound/CT/MRI), worst
from IVHGRADE :

side, 0 =no IVH; 1 = grade [; 2 = grade
and code 0 from i - =
. 2; 3 = grade 3; 4 = grade 4; 8 = grade
PVL)) Categorical,
SNI 1 =yes (code 3, 4 bina unknown.
Y ’ Y PVL: Evidence of brain lesions in the
from IVHGRADE . )
white matter which may be confirmed by
and/or code 1 from . .
PVL) development of multiple bilateral cysts
on MRI/ultrasound, 0= no; 1= yes.
0=no
(N_EC: code 0) Categorical, NEC: must have x ray evidence of NEC,
NEC I =yes binary 0=no; 1= yes (> stage 2 NEC)
(NEC: code 1) ’ -
0=no _
(code 0) ROPRNICU & ROPLNICU: 0=no
N Categorical, ROP; 1= stage 1; 2= stage 2; 3= stage 3;
ROP 1 =yes . _ e e .
(code 1,2,3, 4,5 binary 4= stage 4; 5= stage 5; 7 = plus disease
7.8) T T (between stage 3 &4); 8= stage unknown.
0=no ROPRNICU & ROPLNICU: 0=no
(code 0, 1, 2, 8) Categorical, ROP; 1= stage 1; 2= stage 2; 3= stage 3;
Severe ROP 1=yes binary 4= stage 4; 5= stage 5; 7 = plus disease
(code 3,4,5,7) (between stage 3 &4); 8= stage unknown.
0=no
Discharge home  (02DC: code 0) Categorical, O2DC: If the infants were discharged
on oxygen 1 =yes binary home on oxygen, 0=no; 1= yes, home.

(O2DC: code 1)
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Number of RBC: Number of times packed RBC’s

transfusions N/A Continuous and/or whole blood were given.
MVENTDAYS: Duration of days on

Total ventilation ~ N/A Continuous mechanical ventilation (IPPV or
HFOV/jet/osc.

Total non- RESPDAYS: Duration of non-invasive

invasive resp. N/A Continuous respiratory support (CPAP/SiPAP/ High

Support flow>1.5LPM.

Total suppl. N/A Continuous QZDAYS: Total number of days an

oxygen infant was on oxygen support.

NICU stay N/A Continuous DAYSHOSP: Total days in hospital until

discharged home.

Table B.2. Transformation and coding of final variables (NFC Database)

Name, Code & Label
Variable Name Code & label Variable Type  in the original
Database
Di: 0o
(DISP: code 0) Categorical, . _
Death . . discharge home; 7 =
1= died binary died after discharge
(DISP: code 5, 7) &
home
CP: 0=no; 1 = yes;
_ 4= suspect but
0= no doubtful; 5 = suspect
(CP: code 0) . » >~ SuSp
_ Categorical, but probable; 6 =
Cerebral Palsy 1 =yes .
binary suspect, conveyed to
(CP: code 1) .
parents/guardians
(historical data only)
COG: Bayley I1II/IV
(cognitive composite
score), WPPSI III/IV
0=no delay (FSIQ), Leiter-R/3
1 = detected as (Full 1Q)
" cognitive/motor/language . PSYTEST:
dCeol2g1n1t1Ve/motor/language delay (Bayley ITI/IV <85, &iﬁ:gorlcal, 0 = WPPSLIV:
Y WPPSI II/IV (FSIQ), y 2 = WPPSI-III,
Leiter-R/ <85) 8 = Bayley III;
13 = Leiter-R.

BAYLC: Bayley IV
language composite
score.
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BAYMC: Bayley IV
motor composite
score.

Hearing Impairment

0= no impairment
(HEAR_IMP_OLD
code 0;

HEAR L & HEAR R
code 0;

NATLOSS L &

NATLOSS_R code 0, 2

AID code 0)

1 = had impairment
(HEAR _IMP_OLD:
code 1, 2, 3, 4;
HEAR L & HEAR R
code 1, 2;
NATLOSS L&

NATLOSS R code 1, 4,

5; AID code 1, 2, 4)

If no HEAR_IMP_OLD
and no HEAR L and no

HEAR R, use
HEARING P (code
1,2,4,5,6).

Categorical,
binary

HEAR_IMP_OLD:
0= none; 1= severe to
profound (>70 dB); 2
= moderate (50-
70dB); 3 = mild (25-
45dB); 4 = unilateral
sensory neural hearing
loss.

AID: O=none; 1= one
year; 2 = both years; 4
= yes, unknown (one
or both ear)

HEAR L &

HEAR R:0=no
hearing loss; 1 =
severe to profound
loss (71-90 dB or >90
dB); 2 = mild to
moderate loss (26-
40dB, 41-55 dB or 56-
70 dB); 3 = unreliable
assessment.
NATLOSS L &
NATLOSS R: 0=no
hearing loss, 1 =
sensorineural, 2 =
conductive; 4 =
mixed; 5 = auditory
neuropathy.
HEARING P: 0=no
hearing loss or
conductive loss only;
1 = bilateral
neurosensory loss
requiring
amplification/
cochlear implants; 2 =
unilateral
neurosensory loss
requiring
amplification; 4 =
neurosensory hearing
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loss not requiring
amplification/
cochlear implants; 5 =
auditory neuropathy
requiring
amplification/
cochlear implants; 6 =
auditory neuropathy
not requiring
amplification/
cochlear implants

Visual Impairment

0 = no impairment
(include code 0 from
VISIMP,
BILATBLIND,
VISION_P,)

1 = had impairment
(VISIMP code 1, 2 &3
or BILATBLIND code
1,2 &3. If no VISIMP
and no BILATBLIND,
use VISION P code 1,
2, 4).

Categorical,
binary

VISIMP: 0 = no,

(no significant visual
impairment); 1 = yes
(corrected visual
acuity between <20/60
and >20/200, Teller
acuity less than age-
level but not
bilaterally blind; 2 =
significant refractive
errors such as severe
myopia (>-8.00),
significant hyperopia
(>+4.00) or amblyopia
(if visual acuity not
obtained; 3 = yes,
unilateral blindness.
BILATBLIND: 0= no
(not bilaterally blind;
1= yes, corrected
visual acuity<20/200
in better eye or Teller
acuity less than age
level; 2 = yes, visual
acuity not obtained
but registered or
referred to CNIB and
clinical diagnosis of
bilateral blindness; 3
= yes, visual acuity
not obtained but
cortical blindness or
atrophy.

VISION_P: 0=
normal; 1 = bilateral
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blindness; 2 =
uncorrected visual
acuity between <20/60
and >20/200; 3 =
unreliable assessment;
4 = mild impairment.

0=no NDI CpP
1 = detected as NDI (CP GMFCS
=yes; GMFCS >1; COG
COG/BAYLC/ PSYTEST
BAYMC=<85; BAYLC
HEAR_IMP_OLD BAYMC
code 1,2,3,4 HEAR_IMP_OLD
NDI HEARING_P (code 1, Categorical, HEAR L
2,4,5,06) binary HEAR R
AID: code 0, 1, 2, 4; NATLOSS L
NATLOSS R
VISIMP code 1, 2, 3 or HEARING_P
BILATBLIND code 1, AID
2, 3. If no VISIMP and VISION_P
no BILATBLIND, use VISIMP
VISION P code 1, 2, 4). BILATBLIND
0=no severe NDI
1 = detected as severe f}l;/[F cs
I;I3D;I (CP =yes; GMFCS COG
COG/BAYLC/ PSYTEST
BAYLC
BAYMC= <70 BAYMC
HEAR_IMP_OLD, HEAR IMP OLD
HEARING P . - -
T Categorical, HEAR L
Severe NDI & AID = bilateral .
sensorineural hearing binary HEAR R
loss or auditory NATLOSS_L
neuropathy with aid. E%ilﬁ?;z—l;
VISION_P, VISIMP & AID -
BILATBLIND =
bilateral blindness. VISION_P
VISIMP
BILATBLIND
WT= Weight (kg).
HT= Length/Height
Growth N/A Continuous (cm).

HC= Head
circumference (cm).
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